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Ph; ABSTRACT 

We present results from a study of the Supernova Remnant (SNR) population in a sample of 
+2 ! six nearby galaxies (NGC 2403, NGC 3077, NGC 4214, NGC 4449, NGC 4395 and NGC 5204) 

based on Chandra archival data. We have detected 244 discrete X-ray sources down to a limiting 
flux of 10 -15 erg s _1 . We identify 37 X-ray selected thermal SNRs based on their X-ray colors 
or spectra, 30 of which are new discoveries. In many cases the X-ray classification is confirmed 
based on counterparts with SNRs identified in other wavelengths. Three of the galaxies in our 
V/-) ; sample (NGC 4214, NGC 4395 and NGC 5204) are studied for the first time, resulting in the 

discovery of 13 thermal SNRs. We discuss the properties (luminosity, temperature, density) of 
the X-ray detected SNRs in the galaxies of our sample in order to address their dependence on 
their environment. We find that X-ray selected SNRs in irregular galaxies appear to be more 
luminous than those in spirals. We attribute this to the lower metallicities and therefore more 
massive progenitor stars of irregular galaxies or the higher local densities of the ISM. We also 
discuss the X-ray selected SNR populations in the context of the Star Formation Rate of their 
host galaxies. A comparison of the numbers of observed luminous X-ray selected SNRs with 
those expected based on the luminosity functions of X-ray SNRs in the MCs and M33 suggest 
different luminosity distributions between the SNRs in spiral and irregular galaxies with the latter 
5_J ' tending to have flatter distributions. 

a ■ 

Subject headings: galaxies: individual (NGC 2403, NGC 4214, NGC 4395, NGC 4449, NGC 3077, NGC 
5204), X-rays - supernova remnants: X-rays 

Introduction tion on the interplay between massive-star forma- 

tion and the local inter stellar medium (ISM; e.g. 
Studies of the populations and evolution of Su- HEIl; E^Sil). SNRs provide a signifi- 
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pernova Remnants (SNRs) can provide informa- cant fraction of the mechanical energy that heats, 
shapes and chemically enriches the ISM. There- 
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tion on star formatio n rate and stellar evolution 
(ICondon fc Yinlll990h . 

Detecting large samples of SNRs in more than 
one wavebands can provide information about 
the different processes which take place during 
their evolution. It is expected that radiation of 
newly formed SNRs is dominated by the hot ma- 
terial behind the shock-wave producing thermal 
X-rays (thermal SNRs) . One special category are 
plcrion-type SNRs where non-thermal processes 
are the dominant X-ray emission mechanism (e.g . 



Safi-Harb et all 120011 : lAsaoka fc Kovamal [1990). 



Optical filaments are a sign of older SNRs since 
they f orm in the cooling regions behind the shock 
(e.g. ICharles fc Seward 19951 Stupar fc Parker 
2009). Emission in radio wavelength is radiated 
from the vicinity of the shock as well as from the 
cooling filaments and is easily detect able through- 



out the life of the rem nant (e.g. iDickell 1999t 
Charles fc Sewardlll995l) . In cases where a source 
is detected in two or more wavebands (e.g. X- 
rays and optical), it is an indication of material 
at a wide range of temp eratures and the existenc e 
of high energy electrons ([Charles fc Sewardlll995l ) . 
Because of these selection effects, only multiwave- 
length studies (X-rays, radio, optical, infrared) of 
large samples of extragalactic SNRs will give a 
complete image about their nature and evolution 
as well as their correlation with star-formation. 

Abou t 274 SNRs are known to exist in our 
Galaxy (lGreenll2009h and a large number of them 
has been studied in detail. While these studies 
provide important information on the properties of 
the individual objects and SNR physics, studies of 
the population of SNRs are hampered by absorp- 
tion due to the dust of the Galaxy and distance un- 
certainties. Therefore, the study of nearby galax- 
ies offers several advantages: the entire galaxy can 
be studied with fewer observations, SNRs are at 
the same distance and by selecting higher Galac- 
tic latitude, face-on galaxies, internal galactic ab- 
sorption effects are minimized. 

Previous X-ray observations of nearby galax- 



ies (< 5 Mpc) with ROSAT (e.g. ISchlegell 



Schleeel et all l2000t IPannuti et all l2000L 



1994; 



2002; 



Payne et al.l [2004) revealed several X-ray emit- 
ting SNRs some of which were also found in other 
wavebands. These observations showed that SNRs 
are an important compo nent of the X-ray so urce 
populations in galaxies ( Blair fc Long! 1997 ). es- 



pecially at luminosities below 10 37 erg s _1 . How- 
ever, the ROSAT surveys were limited by their 
low sensitivity and spatial resolution and con- 
fined the detection and study of discrete X-ray 
sources only within our Galaxy and the Local 
Group. The much better capabilities of Chandra 
in both domains offer a unique opportunity to 
detect large populations of SNRs in nearby galax- 
ies. The excellent angular resolution of Chandra 
(~ 0.5") reveals X-ray sources that could not be 
clearly detected otherwise and allows their iden- 
tification with sources detected in other wave- 
bands. With typical detection limits of ~ 10 37 
erg s _1 in moderate exposures, extragalactic Cas- 
A or Crab-like SNRs can be detected in nearby 
galaxies. The capability of Chandra to detect 
X-ray emitting SNRs has been demonstrated in 
se veral studies of near by galaxies; e.g. NGC 1637 



2003) 



- (Ilmmler et al.l 20031): NGC 6822 - (|Kong et al 
20041): M 31 - (Kong et~aH |2002|) : NGC 2403 - 
(ISchlegel fc Pannutill2003l) : M 81 - (jSwartz et al 



Even though, about 650, 200 and 50 extra- 
galactic SNRs have been discovered to date in the 



optic al , radio and X-ray bands ( e . g. iBlair fc Long 



Il997t Matonick fc Fesenl Il997t iMatonick etal 



119971 ), these numbers come only from a small set of 
nearby galaxies. Moreover, there is a large gap be- 
tween detection rates in different bands (less than 
50 SNRs have been identified in all three bands) 
not only due to evolutionary effects but also be- 
cause of the different observational sensitivity and 
resolution. In the X-ray band in particular there 
have not been any systematic studies of the SNR 
populations in nearby galaxies. Most importantly 
all studies of X-ray emitting SNRs outside the Lo- 
cal Group have been focused on the identification 
of X-ray counterparts to SNRs detected in other 
wavebands, rather than searching for new X-ray 
emitting SNRs. 

This paper is the first in a series undertak- 
ing a multiwavelength study of extragalactic SNR 
populations. We focus on X-ray emitting ther- 
mal SNRs rather than plerions because the latter 
have very similar X-ray spectra to X-ray Bina- 
ries (XRBs) and therefore they cannot be identi- 
fied based on their X-ray properties alone. When 
possible, we cross-correlate our results with mul- 
tiwavelength SNR catalogs in order to address the 
detection efficiency of SNR populations in diffcr- 



2 



ent wavebands. 

The outline of this paper is as follows: In §2 we 
briefly describe each galaxy and prior multiwave- 
length observations of their SNR populations. In 
§3 we describe the observations, the data reduc- 
tion, the analysis techniques used to detect SNR 
candidates and measurement of their X-ray prop- 
erties. In §4 we discuss the classification of the 
X-ray detected SNRs in this study and their cor- 
relation with already known X-ray SNRs. Our 
results are discussed in §5 and finally in §6 we 
present the conclusions of this work. 

2. Sample selection 

The sample used for this study consists of six 
nearby galaxies: NGC 2403, NGC 5204, NGC 
4395, NGC 4449, NGC 3077 and NGC 4214. 
These galaxies are selected from the Third Cata- 
log o f Bright Galaxies (RC3: lde Vaucouleurs et all 
19951 ) to be: a) late type (T> 4; Hubble type), b) 
close (< 5 Mpc) in order to minimize source con- 
fusion (at 5 Mpc, 1"~ 25 pc), c) at low inclina- 
tion (< 60 degrees) in order to minimize internal 
extinction and projection effects and d) be above 
the Galactic plane (fbf> 20°). From this pool of 
objects we selected galaxies which have Chandra 
archival data with exposure times long enough to 
achieve a uniform detection limit of 10 36 erg s^ 1 . 
We opted to focus on Chandra data because of its 
superior spatial resolution which allows the detec- 
tion of faint sources in crowded environments. The 
properties of our sample of galaxies are presented 
in Table 1. 

2.1. Previous surveys of SNR populations 
in our sample of galaxies 

Many of the galaxies in this sample have been 
extensively studied in several wavelengths. Next 
we summarize these results and we present any 
previous X-ray studies of their SNR populations. 

NGC 3077: is a member of the gas-rich M81 
group, where interaction between M81 and M82 
is believed to have trigger ed starburst activit y to 
both M82 and NGC 3077 (IWalter et al.ll2002h. In 
a Chandra study of NGC 3077. lOtt et all (120031) 
reported the detection of 3 X-ray sources (SI, 
S5 and S6) with X-ray characteristics indicative 
of thermal SNRs. One of these sources (source 
SI) coincides with a radio source detected by 



Rosa- Gonzalezl (|2005l ). 

NGC 4214: is a nearby irregular starburst 
galaxy which features extensive massive star for- 
mation throughout its disk. Therefore the exis- 
tence of SNRs is expected. There is one radio 
source classified as a radio SNR (source - g of 
Vukotic et alll2005h while the nature of sources a 



and /3) (a lso from the list of Vukotic et al. 20051) is 
debated dChomiuk fc Wilcotsll2009l ). In addition 
Chomiuk fe Wilcotd (l2009¥ find 6 more radio can- 



didate SNRs and 3 sources denoted as SNR/Hn. 
However, no X-ray emitting SNRs have been iden- 
tified so far in NGC 4214. 

NGC 4395: is another irregular starburst 
galaxy that may host a candidat e radio SNR 



( Sramekl Il992t IVukotic et al.l 120051 ) but with no 



X-ray counterpart. This source is outside the field 
of view of the observations studied in this work. 
Up to now, there are no other SNRs identified in 
NGC 4395 in any wavelength. 

NGC 4449: This Magellanic-type irregular, 
starburst galaxy hosts an extensively s t udied Cas- 
A like SNR 
tical 



g. radio: Lacev et al. ( 20071): op 



Blair et al 



(Il983l): ultraviolet iBlair et all 
(|1984D . and X-ravs: IPatnaude fc Fesenl (|2003|)V 
In addition, IChomiuk fc Wilcotsl (|2009t ) detected 
8 candidate SNRs based on radio o bservations and 
Ha im ages. In the X-ray band, ISummers et al. 
(|2003l ) report the presence of 2 SNRs and 8 
SNR/XRB or SNR/SSS (SSS: Super Soft Source) 
systems, based on Chandra data. 

NGC 5204: Three SNRs we re optically identi- 
fied in this irregular galaxy by iMatonick fc Fesen 
(|19971 ). Observations for the detection of SNRs in 
any other waveband have not yet been conducted. 

NGC 2403: IMatonick et~aH (|l997l) (hereafter 
MFBL) performed a relatively deep, ground- 
based, optical search for SNRs in the Scd galaxy 
NGC 2403. They identifie d 35 SNRs, two of which 
were previously known (D'Odorico et al.l 1 19801 
Blair et al.lll982h . iTurner fc Ho I (|l994l) classified 
two radio source s (TH2, TH4) as SNRs, while 



lick et al.l (|2002l ) detected a radio counterpart 
(denoted as sour ce u) to the optical l y iden tified 



SNR MFBL 7 . ISchleeel fc Pannutil (|2003l) and 



IPannuti et al. ( 2007 ) searched for positional coin 
cidences between their sample of X-ray sources in 
NGC 2403 and the 35 SNRs of IMatonick fc Fesen 
(|1997l ). They found one clear association with 
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MFBL31 as well as the candidate radio SNR TH2. 

In Table 2 we summarize the numbers of op- 
tically identified SNRs, radio and already known 
X-ray SNRs for the galaxies in our sample, emerg- 
ing from previous studies. Although these studies 
have presented candidate SNRs, their identifica- 
tion has been based mainly on their multiwave- 
length associations. Here we present a data analy- 
sis focusing on the identification of X-ray selected 
SNRs based on their thermal X-ray emission. 

3. Data Reduction 

We have analyzed Chandra archival data for 
the six galaxies in our sample. All exposures were 
obtained with the back-illuminated Advanced 
CCD Imaging Spectrometer ACIS-S3 CCD chip 
(pixel size: 0'/ 49 x C//49; energy re solution ~120 



eV at IkeV; iGarmire et al.l 120031 ) at the focal 



plane of the High Resoluti on Mirror Assembly 
(jvan Spevbroeck et al.lll997l) . The log of the ob- 
servations is presented in Table 3. We selected 
observations performed in FAINT Data Mode, 
full array and exposure times longer than 15 ksec. 
These parameters provide the largest field-of-view 
and ensure the detection of sources with X-ray 
luminosity as low as 10 36 erg s _1 for the most 
distant galaxy. We found nine datasets for four 
galaxies of our sample (NGC 2403, NGC 3077, 
NGC 4214 and NGC 4449) that fulfill the above 
parameters. In the case of NGC 4395, three obser- 
vations were available, fulfilling the FAINT Data 
Mode and exposure time criteria. Two out of 
the three were performed in 1/8 subarray mode 
while the third one was performed in custom sub- 
array mode. We used only the third observation 
which covers a large area of the galaxy (~ 30% 
of its 1)25)- As for NGC 5204, observations are 
performed in 1/8 subarray mode. Of these, 12 
have short 5 ksc) exposures and only one has 
a longer 15 ksc exposure, which fulfills our expo- 
sure threshold. However, the 12 5ksc exposures 
are taken with different roll angles. Since each of 
them fulfill our 10 36 erg s _1 limiting luminosity 
requirement and their combination covers ^ 80 
% of the D25 area of the galaxy, we opted to use 
them in our study. 

The data analysis was performed with the 
CIAO tool suite version 3.4 and CALDB version 
3.3.0, unless otherwise stated. Each dataset was 



analyzed following the Chandra Standard Data 
Processing threads (SDPfJ 

Since we are interested in multi-wavelength 
comparison of the X-ray sources, application of 
astrometric correction is a critical element of this 
study. We searched for counterparts of point-like, 
bright X-ray sources (> 100 counts) in the 2MASS 
All S ky Catalog of point sources (|Cutri et al.l 
2003). We found typically 3-5 counterparts for 



each galaxy. The comparison between the co- 
ordinates of the X-ray sources and the 2MASS 
counterparts yielded offsets < 0.5 " consistent 
with the average astrometric error of the Chandra 
Pointing. We applied these offsets to the event 
files. Then, we reprocessed them to apply cor- 
rections for gain and Charge Transfer Inefficiency 
(CTI). We searched over source free regions for 
background flares by creating lightcurves with a 
time resolution of 200 sec. We applied a sigma- 
clipping algorithmic on the lightcurves in order to 
identify time periods of anomalous background 
levels (± 3 a from the mean value). No significant 
flaring of the background was observed in any of 
the datasets. 

3.1. Imaging Analysis 

After the initial processing of the data, we cre- 
ated images in four energy bands: soft (S: 0.3 - 1.0 
keV), medium (M: 1.0 - 2.5 keV), hard (H: 2.5 - 
7.0 keV) and total (T: 0.3 - 7.0 keV). In the case 
of multiple observations of an object, we aligned 
each event file of a given observation to a cho- 
sen reference event file. We then reprojected and 
merged the events of each band (S, M, H, T) for 
each dataset using the CIAO script mergeall. 

We set the upper energy limit of the medium 
band to 2.5 keV because energies up to that value 
include emission lines from hot thermal plasma 
and are influenced by photoelectric absorption of 
the column densities typically seen in galaxies. 
These emission lines are of great importance to 
investigate since they allow us to distinguish be- 
tween low temperature thermal emitting gas and 
harder emission from a power-law or hotter ther- 
mal continuum. The goal of this study is the iden- 
tification of X-ray emitting SNRs and our first 



1 See http:/ /asc. harvard.edu/ciao/threads 

2 See http://cxc.harvard.edu/cal/ASPECT/celmon/ 

3 See http: / / exc . harvard. edu /ciao3 . 4/ ahelp / analyze_ltcrv. html. 
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classification criterion is based on the Soft X-ray 
color: Coll = log(S/M), where S, M are the counts 
in the soft and medium bands. Therefore, we de- 
fined the energy range of the soft and medium 
bands in a way that provides the maximum sep- 
aration of the S/M color distribution, for the op- 
tically thin, soft thermal plasma models charac- 
teristic of thermal SNRs (kT - 0.5 - 1.5 keV). 
We identified these bands by estimating the ex- 
pected number of counts in different energy bands 
in a typi cal observation of our galaxies, assuming 
an apec (jSmith et al.ll2001l ) thermal plasma model 
of different temperatures. The transition between 
the soft and medium band was in the 0.5 - 1.5 keV 
range since in this range the peak and strength of 
the FeL blend, which is characteristic of thermal 
plasma of this temperature, shows the strongest 
variation. 

In Fig. 1 we show the S/M color for four dif- 
ferent choices of the two bands: Si: 0.3 - 0.5 keV 
and Mi: 0.5 - 2.5 keV, S 2 : 0.3 - 0.7 keV and M 2 : 
0.7 - 2.5 keV, S 3 : 0.3 - 1.0 keV and M 3 : 1.0 - 2.5 
keV, S 4 : 0.3 - 1.5 keV and M 4 : 1.5 - 2.5 keV. The 
different points show the S/M color which corre- 
sponds to different choices of temperature (0.25 - 
2.0 keV from the bottom towards the top points 
of each set). As we can see from this figure, the 
third and fourth band selections (S3: 0.3-1.0 keV 
and M 3 : 1.0 - 2.5 keV, S 4 : 0.3 - 1.5 keV and M 4 : 
1.5 - 2.5 keV) give the maximum discrimination of 
the S/M color for the different temperatures of a 
thermal model. Since these particular band selec- 
tions do not show any major differences, we chose 
the third one (S 3 : 0.3 - 1.0 keV and M 3 : 1.0 - 2.5 
keV; circles in Fig. 1) in order to ensure a larger 
number of counts in the medium band. Regard- 
ing the other energy bands, the combination of the 
medium and the hard band (2.5 - 7.0 keV) gives 
a good representation of the continuum emission 
and temperature while the total band (0.3 - 7.0 
keV) is very useful for measuring the total flux of 
a source espec ially in the case o f a small number 
of counts (e.g. IZezas et al. 2006 ). 

In order to directly compare the intensity and 
spectra of sources detected by different instru- 
ments or observations, we accounted for variations 
of the ACIS sensitivity by creating exposure maps 
for each data set in the four bands (S, M, H and T). 
The CIAO 3.4 suite and CALDB 3.3.0 allow us to 
include in the exposure maps the time-dependent 



spatial variations of the ACIS sensitivity due to 
the contaminant on the detector window. Each 
energy's band exposure map is the sum of sub- 
bands (monochromatic maps), weighted only for 
the differences in the bandwidth. This is equiv- 
alent to a flat energy spectrum (r=0, Nh=0) or 
estimating the integra l of the effective area over 
each broad band (see Zezas et all 12006). In the 
case of single observations we used the CIAO tool 
mkexpmap. 

We note that because mergeall for a multiple- 
chip, multiple observation exposure map was not 
able to extract merged exposure maps or use cor- 
rectly the asol files of the multiple exposures, we 
used the same script for extracting exposure maps 
for each band and each observation and then com- 
bined them with the CIAO tool dmimgcalc. 

3.2. Source Detection 

We searched each dataset for sources in the four 
energy bands, using the wavdetect tool of CIAC0. 
The significance threshold was set to one false de- 
tection over the searched area while the scales pa- 
rameter was set to 2.0, 4.0, 8.0 and 16.0 pixels. 
We used the relevant exposure maps in order to 
avoid the detection of spurious sources close to 
the CCD edges. The results of the wavdetect run 
for each band and for each exposure were cross- 
correlated and combined to create one source list 
for each galaxy, covering the Z?2E0 ellipse of the 
galaxy. In the case of multiple observations, the 
detection was performed on the co-added images, 
in order to achieve the maximum sensitivity. 

We detected a total of 244 discrete X-ray 
sources in our sample of six galaxies (22 in NGC 
3077, 16 in NGC 4395, 26 in NGC 4449, 44 in NGC 
4214, 125 in NGC 2403 and 11 in NGC 5204) down 
to a limiting flux of 10~ 15 erg cm _2 s^ 1 in the 0.3 
- 10.0 keV band. 

We calculated the expected number of back- 
ground sources for each galaxy in our sample 
based on the Chandra Multiwavelength Project 
(ChaMP) X-ray point source catalo g and the 



cumul ative luminosity distribution of iKim et al 



( 20071 ) . Given that the investigated sources of this 



4 See http://asc.harvard.edu/ciao/threads/wavdetect 

5 The D25 ellipse is defined as the optical isophote at the 

B— band surface brightness of 25 mag arcsec - 2 (e.g. RC3, 

dc Vaucoule urs et ali ri995). 
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study are predominantly soft sources, we used the 
0.5 - 2.0 keV logN - logS in order to estimate the 
number of background sources down to our limit- 
ing flux of 10 -15 erg s" 1 cm~ 2 within the area of 
each galaxy covered by the Chandra observations. 
The number of expected background sources is 
given in Table 4. 

3.3. Photometry 

In order to perform photometry of the detected 
X-ray sources, we defined source apertures on the 
total band image, while ensuring that i) they do 
not encompass other neighbouring sources or sig- 
nificant diffuse emission and ii) they cover at least 
90% of the encircled energy of the source's Point 
Spread Function (PSF) at a given off-axis an- 
gle and a typical energy of 1.4 keV (appropriate 
for the soft sources we investigate in this work). 
The typical radius of these apertures is ^ 1.0" - 
1.5". The background for each source was mea- 
sured locally from apertures defined to cover a 
large area around them, while ensuring that the 
diffuse emission does not vary significantly over 
the background area. We measured the number of 
raw counts for each source and its corresponding- 
background in each of the S, M, H and T bands, 
using the dmextract tool of CIACQ To account for 
exposure variations across the ACIS-S3 CCD area, 
we calculated corrections of the effective area for 
each source by normalising the exposure maps of 
each band with respect to a reference point close 
to the center of each galaxy such as to minimize 
vari ations of the sensit ivity over the studied area 
(see IZezas et al.1 12006). In the case of multiple 



exposures, the reference point was chosen on one 
of the merged exposure maps. This way we also 
correct for sensitivity variations between different 
observations. In Tables 5-10 we present the ob- 
served (raw) source and background counts in the 
S, M, H and T bands for sources that appear to be 
potential SNRs (see §3.4.1) and sources with very 
strong soft components based on their X-ray col- 
ors. We also present the background/source area 
ratio (which is common in all energy bands since 
the same source and background apertures were 
used) as well as the background/source effective 
area ratio in the soft energy band. 



3.4. Spectral analysis 

3.4-1- X-ray colors 

Since our goal is to identify candidate sources 
with soft thermal spectra (kT < 2 keV, typical of 
thermal SNRs; Schlegel 1994), initially we use the 
X-ray photometry derived in the previous section. 
Instead of hardness ratios w hich have less sym met- 



ric posterior probabilities (jPark et al. 2006), 



we 

calculated X-ray colors defined as Cl=log(S/M), 
C2=log(M/H) and C3=log(S/H), where S, M, H 
are the net counts in the Soft (0.3 - 1.0 keV), 
Medium (1.0 - 2.5 keV) and Hard (2.5 - 7.0 keV) 
band, respectively. The X-ray colors can be used 
to obtain information on the spectral properties of 
the X-ray emission even in the case of small num- 
ber of counts when spectral fitting is not possible. 

In the small number of counts regime where 
most of our sources belong, the Poisson distribu- 
tion becomes distinctly asymmetric. In this case 
it is more appropriate to use a method based on 
the Bayesian estimate of the "real" source inten- 
sity which takes into account the Poisson nature of 
the probability distributions for the source counts 
as well as t he effective exposure at the position o f 



the source (jvan Dvk et al.lbOOlllPark et al.| [2006) 



3 See http://asc.harvard.edu/ciao/threads/dmextract 



Furthermore, in the case of non-detections in one 
or more bands this method can also provide up- 
per limits on the X-ray colors. Since the numerical 
integration of the Bayesian method is more accu- 
rate but computationally more intensive, we used 
it for sources with fewer than 70 counts in any of 
the soft, medium or hard bands. The integration 
was performed using the Gaussian quadrature al- 
gorithm with 2500 bins. For sources with more 
than 70 counts, we used the Gibbs algorithm with 
10 5 draws, 15000 of which were rejected as burn- 
in draws. In both cases the confidence level was 
set at 68.0%. 

In Figs. 2-7 we plot the CI against C2 X-ray 
colors for the detected X-ray sources. On the same 
plots we added grids for power-law and thermal 
plasma models for different values of temperature 
(kT), absorbing Hi column density (Nh) and pho- 
ton index T. Sources that appear to have tem- 
peratures below 2 keV and mainly lie on the ther- 
mal grid (locus of SNRs) as well as those which 
are consistent with the thermal grid within their 
error-bars, are potential SNRs. In the case of ple- 
rion SNRs, we expect them to lie on the power-law 
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grid as their X-ray emission i s non-thermal with 



photo n indices of 1.7-2.0 (e.g lAsaoka fc Kovamal 
1990). Since their spectra are very similar to those 
of X-ray binaries, they cannot be selected solely 
on the basis of their X-ray properties. In Tables 
11-16 we present the calculated X-ray colors (CI, 
C2 and C3) for potential SNRs in all galaxies of 
our sample as well as for the soft sources that lie 
on the right corner of the plots which indicate an 
extra soft component due to diffuse emission. For 
comparison, we show which sources have extracted 
spectra (see §3.4.2) and the suggested classifica- 
tion based on their spectroscopy (see §4). 

3.4-2. Spectral fitting 

We tested the X-ray color tentative classifica- 
tion of thermal SNRs by performing spectral anal- 
ysis for sources with adequate number of counts. 
We also examined the soft sources on the bottom 
right corner of the color-color plots. We extracted 
PI spectra, auxiliary response files and redistribu- 
tion matrix files with the specextract CIA script 
which takes into account spatial variations of the 
effective area by creating the weighted redistribu- 
tion matrix files and auxiliary response files (wrmf, 
warf) for each source. Spectral fit was performed 
with XSPEC version 11. The upgraded 3.4.2 ver- 
sion of CALDB was used. 

For sources with more than 50 counts, \ 2 statis- 
tics were used. The spectral channels were binned 
for the spectral fitting analysis in order to con- 
tain at least up to 25 counts per bin before back- 
ground subtraction for sources with high back- 
ground (source counts with > 5 % contamination 
from background counts) and 15 counts for sources 
with low background (< 5 % contamination from 
background counts). This ensures that in either 
case we have between at least 10 counts after back- 
ground subtraction in each bin. The correspond- 
ing background was subtracted from the source 
spectrum during the fitting process. For sources 
with few counts (< 50) the Cash m aximum likeli- 
hood statistic was used (|Casblll979h . which is more 
appropriate than x 2 statistics in the case of small 
number of counts. The spectra were not binned in 
order to preserve the maximum amount of infor- 
mation for statistical analysis. 

Each spectrum was initially fitted separately 
with two different mod els: power-law (P L) and 
thermal plasma (apec; ISmith et al.1 120011 ) . We 



opted to use the apec model since it is the most 
up to date optically thin equilibrium thermal 
plasma model including significant improvements 
in the number of spectral lines and their oscillator 
strengths. In a few cases where we had indication 
for abnormally strong emission lines, indicative 
for a non-equilibrium plasma, we also used the 
nei model (e.g. source LZB15 in NGC 3077). 
Also sources well-fitted with an apec model but 
presented unrealistically low temperatures for a 
thermal plasma (< 0.1 keV), were re-fitted with a 
blackbody (bbody) model. 

The models were coupled with a photoelec- 
tric absorption model (phabs) due to the Galac- 
tic Interstellar Medium as well as to the mate- 
rial within each galaxy, with the restriction that 
the derived column densities should exceed the 
weighted average Galactic line-of-sight values ob- 
tained f rom the LAB (Leide n/ Argentine/Bonn) 
Survey (|Kalberla et al.l 120051 ) of Galactic Hi Q 
We also assumed solar metallicities for all galaxies 
since the quality of the data did not allow us to 
constrain the abundance. 

In some cases (e.g. LZB4 and LZB5 in NGC 
4449; LZB24 in NGC 4214; LZB64, LZB99 and 
LZB101 in NGC 2403; LZB11 in NGC5204) the 
single component models gave either unacceptable 
fits (x 2 > 2), strong line-like residuals or unre- 
alistic best fit parameters. In this case we fit- 
ted the data with a two-component (PL + apec) 
model with the same absorp tion. As discussed in 
Protassov fc van Dvkl (2002J), the use of the F-test 



in order to assess the improvement of the fit in this 
case is not statistically proper. 

We selected the best model for each source 
based on the quality of the fit (e.g. good sta- 
tistical fit mainly determined by X y 2 ~l for chi- 
square statistics, and goodness-of-fit ~50% for 
Cash statistics) and the plausibility of the param- 
eter values (thermal component temperature < 3 
keV, power law photon index < 4). In the case 
of multiple observations, we fitted the individual 
spectra simultaneously with the same model. All 
model parameters apart from the normalization 
were determined by the first dataset. 

The best fits obtained for potential SNRs 
(sources in the locus of SNRs as well as those in 
the bottom right corner of the color-color plots) 



7 See http://heasarc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl 
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in each galaxy are summarized in Tables 17-22. 
Column 1 presents the source ID as well as the 
observation ID in the case of multiple exposures. 
For the latter, we used only observations at which 
the corresponding source is detected with ade- 
quate number of counts and does not lie near the 
borders of the CCD (~100 pixels away). Col- 
umn 2 shows the fitted model. Column 3 gives 
the Hi column density obtained from fitting the 
phabs (photoelectric absorption) component and 
Column 4 gives the best fit photon index for the 
power-law model or the temperature for the apec 
or black body models. Column 5 presents the 
model normalization. In the case of multiple ex- 
posures, we give the multiplicative factor for the 
intensity of the different spectra that were fitted 
simultaneously, with respect to the first obser- 
vation of each source. All uncertainties at the 
90% confidence level are calculated with the error 
command of XSPEC. Columns 6 and 7 present 
the absorbed and unabsorbed flux in the 0.3-10.0 
keV energy band. Although spectroscopy is de- 
rived from the 0.3-7.0 keV energy band, we chose 
to calculate the fluxes in the 0.3-10.0 keV energy 
band for consistency with previous X-ray publica- 
tions. Column 8 is the source classification based 
on the X-ray spectral fits: the presence of only 
low temperature thermal component (s) in a fit 
strongly indicates that the source is an SNR while 
sources having hard components (power-law) to 
their spectra are most likely XRBs. Sources well- 
fitted with a low-temperature (~100 eV) black 
body model are denoted as Super Soft Sources 
(SSS). 

We mention that there are cases of SNRs (e.g. 
LZB15 in NGC 3077) where the electron temper- 
ature of the best-fit thermal model is relatively 
high (> 2 keV). This may imply a non-equilibrium 
state of the collisionally ionized plasma of the 
source (these sources are also well-fitted with a 
nei model). However, th is is n ot an unusual 



phenomenon. iKong et al.1 (|2004f ) propose that 



non-equilibrium state of the collisionally ionized 
plasma could either come from the shock-heated 
swept-up circumstellar medium or it is due to in- 
homogeneity of the ISM. 

What is more, there are sources with a small 
number of counts that are fitted with high values 
of column density. There is a well known positive 
correlation between the normalization of a model 



and the absorbing column density. Therefore, in 
the case of low number of counts spectra (such 
as those we consider here) it is possible that we 
can obtain high best-fit Hi column densities and 
hence high inferred unabsorbed source luminosi- 
ties (resulting from the high normalization of the 
low-energy source spectral components). 

4. SNR classification and correlations 
with already detected X-ray SNRs 

On the basis of these results, we divide our 
X-ray detected SNRs into three types: a) SNRs, 
b) probable SNRs, and c) candidate SNRs. As 
SNRs we consider point-like non-variable sources 
which have spectra consistent with a single or two- 
component low temperature thermal X-ray spec- 
trum (kT<3 keV). We consider as probable SNRs 
sources which: i) fulfill the above criteria but have 
a small number of counts (<50) and/or large er- 
rors on their spectral parameters and/or ii) vary 
by < 15% in flux between different observations. 
Candidate SNRs are sources for which it was not 
possible to extract any X-ray spectra but fulfill 
the hardness ratio criteria (i.e. they lie, within 
their error bars, on the low-temperature part of 
the thermal grid of the color-color plot). Sources 
for which we cannot distinguish between a thermal 
and a non-thermal model are denoted as unclas- 
sified. Nonetheless, their spectral parameters are 
also presented in the relevant tables. 

We find good agreement between the spectral 
parameters derived from the X-ray colors and the 
analysis of the X-ray spectra, giving us confidence 
in the use of hardness ratio diagrams as a diag- 
nostic tool for the initial identification of thermal 
SNRs. We note that all sources considered in this 
study are pointlike (physical scales 5 and 11 pc 
for the closest and more distant galaxies respec- 
tively) limiting the possibility that they are local 
enhancements of the general diffuse X-ray compo- 
nents. 

A total of 37 X-ray selected SNRs (8 SNRs, 
24 probable SNRs and 5 candidate SNRs) are de- 
tected in this study, 30 of which are new iden- 
tifications. One third of these new sources have 
been also identified as SNRs based on other multi- 
wavelength observations, giving us confidence that 
the X-ray selection scheme is robust. We are in 
the process of analysing additional deeper multi- 
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wavelength data in order to extend the classifica- 
tion to other objects (Leonidaki et al. in prepara- 
tion). Three of the galaxies in our sample (NGC 
4214, NGC 5204 and NGC 4395) containing 71 
X-ray detected sources are studied for the first 
time in this context, and they exhibit 12 new X- 
ray SNRs. There is one additional source in NGC 
3077 which appears to be in the data after visual 
inspection of the raw and smoothed images. This 
source seems to be extended and in a location with 
significant diffuse emission, and is not detected by 
wavedetect. The sa me source was al so included 
in the source list of Ott et all ( 20031 ) only after 
visual inspection of the data (source 5, classified 
as SNR). Since it could be a local enhancement 
of diffuse emission and for that reason has not 
been detected by a robust blind search algorithm 
like wavedetect, we opted not to include it in our 
source list. No other X-ray known SNRs have not 
been detected by this study. 

In the case of two sources in NGC 4449 our 
results suggest slightly different classifications 
than those publishe d in previous studies (e.g. 



Summers et al.l 120031 ). We classify source LZB4 



as an XRB based on its relatively hard spectrum 
(r=2.3). Source LZB26 can be fitted equally well 
with an absorbed apec (kT~1.02 keV) or an ab- 
sorbed black body (kT~0.2 keV). Therefore we 
consider it as a probable SNR. 

The requirement that the sources we consider 
as SNRs are non-variable minimizes the possi- 
bility that they are super-soft or quasi-soft X— 
ray sources. Furthermore, super-soft sources 
typically have much softer spectra (kT < 0.1 
keV), while quasi-soft sources hav e soft spectra 
with a power-law compo nent (e.g. lGreiner|[l996t 
iDi Stefano & Kond2004l) . Our SNRs instead have 
typically "clean" thermal spectra. Additionally, 
one third of our X-ray SNR identification are 
confirmed based on known SNRs in other wave- 
lengths, giving us confidence on these selection 
criteria. We cross-correlated all X-ray selected 
SNRs against the 2MASS catalog and checked 
their optical counterparts on SDSS images. We 
found only one source (LZB22 in NGC4449) that 
coincides with a foreground star. 

Furthermore, the soft thermal spectra (kT < 
2 keV) of the detected SNRs minimize the pos- 
sibility that they are background sources such as 
AGNs or QSOs. The latter exhibit harder X-ray 



spectra with photon indices T < 2 - 2.5, added as 
such they would have been excluded in our selec- 
tion process. 

We also cross-correlated all X-ray selected 
SNRs against the 2MASS catalog and checked 
their optical counterparts on SDSS images. Only 
one source (LZB22 in NGC4449) coincides with 
a foreground star. This source is not included in 
the SNR sample of the relevant galaxy. 

5. Discussion 

5.1. Multiwavelength associations 

Comparison of the emission of SNRs in different 
wavebands can provide information about the evo- 
lutionary stage of the sources and/or can illustrate 
selection effects. For that reason we searched for 
coincidences between the X-ray identified SNRs 
(see §4) with SNRs in optical and radio wave- 
bands (see §3). In Fig. 8 we present the overlap 
between X-ray, optical and radio selected SNRs, 
in the form of Venn diagrams for all galaxies in 
our sample, except for NGC 5204 where no X- 
ray SNRs were identified. The X-ray sources we 
consider in this comparison are denoted as SNRs 
or probable SNRs. All multi- wavelength compar- 
isons were performed for the same area for each 
galaxy. For that re ason we excluded t he radio 

~ l2005h as it is 



SNR in NGC 4395 ( Vukoticetal 



outside the Chandra field of view. In addition, 
we excluded t he radio candidate S NRs a and /3 
in NGC 4214 (IVukotic et al.ll2005l) the natu re of 
which is debated (|Chomiuk fc Wilcotsl 120091 ) . In 
this comparison, we consider only radio candidate 
SNRs, excluding SNR/Hil composite objects from 
Chomiuk fc Wilcotsl (2009) which present spectral 
index consistent either with an Hn region or SNR. 

From the 36 optically identified SNRs (mainly 
on the basis of narrow-band photometry) 8 pos- 
sess X-ray counterparts (corresponding to a de- 
tection rate of 22%), while 7 out of the 19 radio- 
candidate SNRs have X-ray counterparts (detec- 
tion rate of 37%). Little overlap appears to be 
between optical and radio SNRs (~6%). In the 
case of NGC 2403 (Fig. 9) we find a larger num- 
ber of X-ray SNRs than reported in the study of 
Pannuti et al. (2007). This is due to (a) the much 
longer exposures used in the pres ent study, and 



(b) t he different selection criteria (jPannuti et al 



20071 focused on optically/radio selected samples 
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of X-ray emitting SNRs). 

The detection rate of SNRs in different wave- 
bands strongly depends on the properties of the 
surr ounding medium of the source. For exam- 
ple, iPannuti et al.l (|2007T) point out that optical 
searches are more likely to detect SNRs located 
in regions of low diffuse emission, while radio and 
X-ray searches are more likely to detect SNRs in 
regions of high optical confusion. In this study, 
the sample of radio SNRs is limited by the lack of 
deep radio surveys for SNRs for half of our galax- 
ies. This could contribute to the difference in the 
detection rates between optical/X-ray SNRs and 
optical/radio, X-ray/radio SNRs. 

5.1.1. Supernova Remnants or X-ray Binaries? 

Three X-ray sources (LZB93, LZB99, LZB104) 
in NGC 2403, although spectroscopically identi- 
fied as XRBs on the basis of their hard X-ray 
emission (and with X-ray luminosities consistent 
with those of XRBs, see Table 23), are associ- 
ated with optic a lly kn own SNRs in the catalog of 
iMatonick et al.l (1997). This is also the case for 
the spectroscopically identified XRB (LZB26) in 
NGC 4214 which coi ncides with a radio S N R/Hi l 
source detected by IChomiuk fc Wilcotsl (|2009l ) 
(see Table 23). One possible interpretation is that 
of an X-ray binary coincident with a supernova 
remnant, possibly associated with the supernova 
that produced the compact object in the binary. 
In this case the SNR is responsible for the observed 
optical and radio emission while the binary system 
produces the X-ray emission. The X-ray luminos- 
ity of active XRBs (>10 37 erg s _1 ) is higher than 
that of SNRs (typically 10 35 - 10 37 erg s _1 ) and 
therefore they can overshadow the latter. The ex- 
emplar of this type of o bjects is the SS 433 /W5 
SNR/XRB system (e.g. ISafi-Harb fc Petrelll999lV 
while a few other candidates have been identified 
in other galaxies on the basis of hard and / or vari- 
able X-ray sources a ssociated with optic ally or 
radio identified SNRs (|Pannuti et al.ll2007l ). 

We searched for additional sources of this class 
witnessed by composite thermal - non-thermal 
spectra (point-like sources requiring power-law 
and apec spectral components) where the ther- 
mal component dominates, indicating that they 
could be SNR/XRB systems. Four X-ray detected 
sources in our sample of galaxies (LZB4 in NGC 
4449, LZB24 in NGC 4214 and LZB64, LZB101 



in NGC2403) are fitted with composite thermal 
- non-thermal spectra. The thermal component 
contributes < 30% to the total X-ray emission 
of these systems therefore their classification as 
XRBs is more robust. 

5.2. N H - L x , kT - L x 

We examine the Hi column density (Nh) of the 
X-ray selected SNRs as a proxy of the density 
of their local ISM. SNRs in dense star-forming 
regions are usually associated with significant 
amounts of cold gas, which could result in ex- 
cess absorption towards their line-of-sight. Simu- 
lations of SNRs embedded in dense environments 
show that they tend to have h igher luminosities 
(e.g IChevalier fc Franssonll200lh . Therefore, one 
would expect a correlation between their lumi- 
nosity and the density of their environment. In 
Fig. 10 we plot the column density against the 
absorption-corrected luminosity of the spectro- 
scopically identified SNRs in this study, based 
on their best fit parameters (Tables 17-22). The 
Galactic column density value has been subtracted 
from the measured Nh value. The error bars cor- 
respond to the 90% confidence level for one inter- 
esting parameter. In this plot we do not include 
sources with Nh value peged on the Galactic value. 
Non-existence of down-side Nh or left-side lumi- 
nosity error bars indicates upper bounds at the 
90% confidence level. In the same plots we also 
show for comparison a sample of Magellanic Cloud 
(MC) SNRs from the Chandra Supernova Rem- 
nants Catalogue^. From that plot we see that our 
sample of extragalactic SNRs have systematically 
higher X-ray luminosities than the MC-SNRs and 
that there is not a trend between Hi column den- 
sity and luminosity. This could indicate that the 
contribution of the local environment to the over- 
all Hi column density is very smaller, or that the 
local densities are not high enough to significantly 
affect the X-ray luminosity. 

In Fig. 11 we investigate the correlation be- 
tween SNR temperature and absorption-corrected 
luminosity. The majority of our SNRs have tem- 
peratures in the 0.1- 1.0 keV range, typical for 



thermal SNRs (e.g. SjjhlegeJ 119941 ) and lumi- 



nosities in the 5xl0 36 to 5xl0 39 erg s 1 range. 
We do not see any significant correlation be- 



3 See |http://hea- www.cfa.harvard.edu/ Ch andraSNR/ 
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tween luminosity and temperature. However, 
we do see a population of SNRs with high tem- 
peratures or high luminosities. As discussed in 
§3.4.2 the objects with high temperatures indi- 
cate sources with non-equilibrium spectra while 
the high absorption-corrected luminosities of few 
objects are probably artifact of their large (and 
often poorly constrained) column density. In fact 
often the luminosities of these objects are con- 
sistent with the main population of SNRs within 
their errobars. The dashed line indicates the ex- 
pected relation between the unabsorbed X-ray lu- 
minosity and temperature for a thermal source at 
a distance of 5 Mpc, based on an apec model with 
fixed emission measure (EM) . From this model we 
see a weak dependence of the X-ray luminosity to 
temperature if it is below 1 keV. We note that in 
the case of double thermal models (apec+apec) , 
the higher value temperature was used. 

5.3. SNRs and Star Formation Rate (SFR) 

Since core-collapse SNRs are the endpoints of 
the evolution of the most massive stars, they are 
good indicators of the current SFR. Although 
there are sev eral calibrations of the radio SNR rate 
- SFR (e.g. ICondon fe Yin] Il990l ). the investiga- 
tion of the X-ray SNR rate with SFR are ham- 
pered due to the lack of large and secure samples 
of X-ray selected SNRs. Here we attempt to de- 
rive such a calibration using the uniform samples 
of X-ray SNRs selected in §4. 

All galaxies in our sample have accurate mea- 
surements of t heir integrated FIR luminosity 
(|Ho et al.l 119971 . Table 25), so we opted to use 



this as a SFR proxy. The FIR luminosity is based 
on integrated flux measurements with IRAS in the 
60 and 100 fim bands which were used to calculate 
the 42-122 /im br oad-band FIR lum i nosity using 



the ca libration of Rice et al. ( 19881 ): Helou et al 



(|1988l ) and the distances in Table 1. We are aware 
that the FIR luminosity tends to overestimate the 
instantaneous SFR since it includes contribution 
from late type stars, however for the purpose of 
the comparison of the SNR rate with the SFR in 
this set of galaxies it is better suited than the Ha 
luminosity which is heavily affected by extinction. 



5.3.1. X-ray properties of SNRs and Star Forma- 
tion 

In order to investigate the X-ray properties of 
SNRs in different star-forming environments, we 
calculate the average integrated 0.3 - 10.0 keV un- 
absorbed X-ray luminosity of SNRs detected down 
to a luminosity of 5xl0 36 erg s _1 for each galaxy. 
This limiting luminosity is based on a preliminary 
analysis of the luminosity distribution of the SNRs 
in our sample (Leonidaki et al. in preparation) 
which shows that the sample of SNRs is complete 
down to this limit. We only consider sources clas- 
sified as SNRs or probable SNRs by this study. 
We also include in our sample the X-ray detected 
SNRs (above our detectio n limit) in three mor e 



galaxies from the work of iPannuti et al.l ([20071 ) . 
The 0.2-10.0 keV average unabsorbed X-ray lumi- 
nosity of the SNRs in Pannuti et al. were con- 
verted to the 0.3-10.0 keV energy range assuming 
a thermal bremsstrahlung model with a tempera- 
ture of kT = 0.5 keV. Although the 0.1 keV dif- 
ference in the energy bands has only a small effect 
(~ 6.5%) on the unabsorbed X-ray luminosity for 
a typical SNR spectrum, we performed the con- 
version for consistency. 

In Fig. 12 we plot the average unabsorbed 
X-ray luminosities of SNRs in spiral galaxies 
(squares) and irregular galaxies (triangles) from 
our sample against the integrated 42-122 /im FIR 
luminosity of each galaxy which is a good star- 
formation rate indicator. In the same plot we 
include the SNRs with luminosity greater than 
5xl0 36 erg s _1 SNRs (circles) from the LMC and 
SMC (Chandra Supernova Remnants Catalogue). 

As expected, we do not see any correlation be- 
tween the average SNR X-ray luminosity and the 
total FIR luminosity of their host galaxy. How- 
ever, we do see a systematic trend for more lumi- 
nous SNRs to be associated with irregular galax- 
ies. This indicates a difference of the SNR pop- 
ulation characteristics between the two samples. 
This could be due to the typically lower metallicity 
of irr egular galaxies than in typical spiral ga laxies 
(e.g. IPagel fc Edmundslll98ll:lGarnetdl2002t ). Low 
abundances result in wea ker stellar winds (e.g. 
Lamers fc Cassinelli 19991) which in turn produce 
higher mass supernova progenitors. More massive 
progenitors are expected to produce more massive 
ejecta and stronger shocks which would lead to 
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higher SNR X-ray luminosities. 

Other possible interpretations include the non- 
uniform ISM which is often the case in irregular 
galaxies, or possible Initial Mass Function (IMF) 
differences between spiral and irregular galaxies. 
In the first case local enhancements of the ISM 
(especially at the star forming regions) could result 
to more luminous SNRs, while in the second case, 
flatter or top heavy IMFs which in some instances 
have been proposed for irregular galaxies, would 
result to larger number of SNe with more massive 
progenitors. 

5.3.2. Number of SNRs and SFR 

Since SNRs are the short-lived end-points of 
young stars we would expect a linear relation be- 
tween th^jrmnbCTofX-rayi selected SNRs and SFR 
(e.g. ICondon fc Yir3ll990h . To verify this con- 
nection, we plot the number of SNRs above the 
completeness limit of our sample (5xl0 36 ) against 
the integrated FIR luminosity of each galaxy (Fig. 
13). For comparison, in the same plot we include 
the X-ray selected sample of SNRs in the MCs 
from t he XMM- Newton study of lGhavamian et"al1 
(|2005l ). Although in the case of SMC this study 
covers a fraction of the area of the galaxy, a com- 
parison with th e ASC A-selected SNR sample of 
Yokogawa et al which covers almost the 

whole galaxy show that the sample of Ghavamian 
et al. is complete, and the MC SNR census ex- 
tends down to a luminosity of 10 35 erg s" 1 , much 
lower than our completeness threshold. 

In order to compare the Magelanic Cloud SNR 
populations with our sample, we use the lu- 
minosity distribu ti ons o f the MCs SNRs from 



Ghavamian et al.l (|2005T ) and rescale their ob- 
served numbers to the numbers of SNRs down 
to our limiting luminosity of 5xl0 36 erg s _1 , as- 
suming a cumulative slope of —0.5 (see Table 24), 
which is a good representation of the MC SNR 
populations. We did not use the SNRs in the 
three galaxies of Pannuti et al. since the differ- 
ent selection criteria of the two studies (optically 
selected X-ray emitting SNRs in the study of 
Pannuti et al. versus X-ray selected SNRs in this 
study) do not allow a direct comparison of the two 
populations. 

We find a linear relation between the number of 
X-ray selected SNRs and the FIR luminosity (Fig. 



13), but the small number of objects does not al- 
low us to quantify their scaling relation. However, 
a linear correlation coefficient of 0.72 shows that 
this is a significant correlation. Even if we remove 
NGC 2403, which seems to drive the correlation, 
or NGC 4449 which has the greatest distance un- 
certainties and hence FIR luminosity uncertain- 
ties, we measure a correlation coefficient of 0.53 
and 0.90 respectively. 

The non-thermal radio emission is a more direct 
indicator of the supernova rate and hence high- 
mass star formation (e.g. Condon fc Yinl ll990). 
Therefore we also investigate the correlation be- 
tween the 1.4 GHz radio emission of the galaxies 
in our sample with the detected number of X-ray 
SNR s (Fig. 14). W e use integrated radio fluxes 
from ICondon ( 1987 ) and we find a correlation co- 
efficient of 0.45. For the same reasons described in 
the previous paragraph, if we remove NGC 2403 
or NGC 4449 the correlation coefficient is 0.22 and 
0.85 respectively. The weaker correlation between 
the number of SNRs and the radio 1.4 GHz lumi- 
nosity could be due to a significant contribution of 
thermal radio emission to the 1.4 GHz luminosity. 

5.4. Luminosity distribution of SNRs 

In order to examine our results in the context 
of SNR populations detected in other galaxies, 
we compare the luminosity distributions of X-ray 
SNRs in different types of galaxies with the num- 
ber of X-ray detected SNRs in the studied sam- 
ple. Therefore we test if the numbers of SNRs in 
the irregular galaxies in our sample are consistent 
with those expected, by simply rescaling the SNR 
X-ray luminosity Funct ions (XLFs) of the MCs 



( Ghavamian et al. 120051) 



We can estimate the expected number of SNRs 
in the galaxies of our sample based on a Mage- 
lanic Cloud - like SNR luminosity function and 
linear scaling of their number with star-formation 
rate. We find that the number of the observed 
SNRs in most galaxies of our sample is consis- 
tent with those expected by rescaling the MC 
XLF (Table 25), which has a cumulative slope of 



0.5 ([Ghavamian et al.l [2005). However, we see a 



large discrepancy between the observed and ex- 
pected number of SNRs in NGC 4449 and NGC 
2403. In the case of NGC 4449, this discrep- 
ancy could be due to the significant distance un- 
certainty to this galaxy which ranges between 2.9 
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( Karachentsev fe Drozdoyskvill998f ) and 5.0 Mpc 
( Aaronson fc Mouldl Il983f )" The lowest distance 
value of 2.9 Mpc h as been used in previo us X-ray 
SNR surveys (e.g. ISummers et"aiT l2003) and the 
corresponding expected number of SNRs (6.75) is 
in fair agreement with the observed number (3). 
A more reliable measurement of its distance based 
on the TRGB (T ip of the Red Gian t Branch) 
method (4.2 Mpc; lAnnibali et al.ll2008h results in 
13.8 SNRs (see Table 25). Given the large uncer- 
tainties in its distance we exclude NGC 4449 from 
this comparison. 

In the case of NGC 2403, the discrepancy of 
the observed population of X-ray selected SNRs 
with these expected based on the MC XLF and 
a linear scaling with SFR, may indicate a differ- 
ence between their populations. Such a differ- 
ence might be expected given that NGC 2403 is a 
grand design spiral galaxy, while the MCs are ir- 
regular galaxies. Therefore we use, instead of the 
MCs, the XLF of SNRs o f M33 as our benchmark 
(iHaberl fc Pietsch I l200lh . Since this XLF is not 



based on X-ray selected SNRs but instead opti- 
cally/radio selected SNRs, for consistency we com- 
pare them with the SNR census of Pannuti et al. 
which is based on similar selection criteria. This 
also allows us to extend the comparison to a larger 
number of spiral galaxies. We follow the same ap- 
proach as for the irregular galaxies with the only 
exception that we rescaled the n umber of M33 
SNRs to the limiting luminosity of Pannuti et al.l 
(<2007h (10 37 erg s" 1 ). We find a good agreement 
between the observed numbers of optically/radio 
selected SNRs in these spiral galaxies and the ones 
expected based on an M33-like XLF (Table 26). 

Overall, our comparisons of the luminosity dis- 
tributions of X-ray selected SNRs in different 
types of galaxies with the number of X-ray de- 
tected SNRs in the studied sample is suggestive 
of different luminosity distributions between the 
SNRs in spiral and irregular galaxies. This will be 
further examined by the comparison of the XLFs 
between SNRs in the spiral and irregular galaxies 
of our sample (Leonidaki et al. in preparation). 

6. Conclusions Summary 

1. In this paper we have presented a system- 
atic study of X-ray emitting SNRs in a sample 
of six nearby galaxies. The SNRs are selected on 



the basis of their soft X-ray spectra (kT < 2 keV) 
or colors. We find a total of 37 X-ray SNRs, 30 
of which are new identifications. Many of these 
SNRs are also detected in other wavebands which 
indicates that the X-ray colors are a good diagnos- 
tic for the primary identification of thermal SNRs. 
From the analysis of the sample we find: 22% of 
the optically identified SNRs and 37% of the radio 
candidate SNRs have X-ray counterparts . There 
is little overlap (5%) between optical and radio 
classifications, which could primarily be due to the 
poor sensitivity of the existing radio surveys. 

2. Four sources identified as SNRs in optical or 
radio observations exhibit X-ray properties more 
consistent with XRBs. The latter and SNRs can 
be naturally associated since they are both related 
to short-lived high mass stellar objects, therefore 
we propose that these sources are X-ray binaries 
coincident with a supernova remnant. 

3. We do not find any trend between the X-ray 
luminosity of SNRs and their Hi column density 
or temperature. 

4. We find that X-ray SNRs in irregular galax- 
ies appear to be more luminous than those in spi- 
ral galaxies. We attribute this effect either to the 
lower metallicity of irregular galaxies (which re- 
sult in more massive progenitors) or their clumpy 
ISM. 

5. We find evidence for a linear relation be- 
tween the number of luminous X-ray SNRs (L x 
>5xl0 36 erg s _1 ) and star-formation rate in our 
sample of galaxies. 

6. There is a suggestion for different X-ray lu- 
minosity functions between the SNR populations 
of irregular and spiral galaxies, based on compar- 
ison of the observed numbers of SNRs and those 
expected by rescaling the luminosity functions of 
SNRs in the MCs . 
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Table 1 

Properties of our sample of galaxies 



Galaxy 


RA 


DEC 


Distance 


Major and Minor axis 


Inclination a 


Galactic N H b 


Galactic latitude 


Position Angle c 


Type 


Physical scale d 




(J2000) 


(J2000) 


(Mpc) 


(arcmin) 


(degrees) 


(X10 20 cm - 2 ) 


(degrees) 


(degrees) 




(PC) 


NGC 2403 


07:36:51.4 


65:36:09 


3.2° 


21.9x12.3 


62 


4.36 


29 


127 


SAB(s)cd 


7.7 


NGC 5204 


13:29:36.5 


58:25:07 


4.8° 


5.0x3.0 


53 


1.75 


58 


5 


SA(s)m 


11.5 


NGC 4395 


12:25:48.9 


33:32:48 


2.6 f 


13.2x11.0 


38 


1.85 


82 


147 


SA(s)m 


6.2 


NGC 4449 


12:28:11.9 


44:05:40 


4.2 g 


6.2x4.4 


56 


1.61 


72 


45 


IBm 


10.1 


NGC 3077 


10:03:19.1 


68:44:02 


3.6 h 


5.4x4.5 




5.05 


42 


45 


10 pec 


8.6 


NGC 4214 


12:15:39.2 


36:19:37 


4.7' 


8.5x6.6 


37 


1.99 


78 




IAB(s)m 


11.3 



Note. — Units of right ascension arc hours, minutes and seconds and units of declination arc degrees, arcminutcs and arcscconds. We note that the SA(s)m galaxies are Magellanic— type 
which arc classified as irregulars with some spiral structure. Coordinates, diameters, Galactic latitudes and types of galaxies are from NED. 

ITullvl (1988) apart from NGC 4449 ISummers et al.ll2003l ) 

b (Leiden/Argcntinc/Bonn) LAB Survey of Galactic Hi 

c Third Reference Catalog of Bright Galaxies 

d Physical scales corresponding to 0.5" at the distance of each galaxy 

IFreedman Sc Madorel 119881) 

ISaha et all 119941) 

lAnnibali et al.l 120081) 

* 1Freedman et al.l 1 11 9941) 

ITullvl C[98|) 



Table 2 

Comparison of SNRs detected in this study with previous studies 



Galaxy 


Number of 


Number of 


Number of 


Number of 




Optically Identified 


candidate radio 


X-ray Identified 


X-ray selected SNRs 




SNRs 


SNRs 


SNRs 


in this study * 


NGC 2403 


35 a 


3 b 


l c 


15 (0) 


NGC 5204 


3 d 











NGC 4395 





l 8 





2 (1) 


NGC 4449 


l f 


8 s 


2" 


4 (0) 


NGC 3077 





l' 


3 j 


5 (0) 


NGC 4214 





7" 





11 (4) 



*The numbers in parenthesis arc the candidate SNRs in relation to the total (see Section 4 for the 
classification of X— ray SNRs). 

Refere nces: (a) ID'Qdorico et all U980T ); IMatonick et all (119971) ; (b) ITurner fc Ho I fl994l); lEck et al.l 
J2002I1 ; fc) ISchlegel Pannutil l200a); IPannuti et alj f2007l); (d) IMatonick fc FesenTlll997l) : (e) 
IVukotic et al.l 1120051): IChomiukfc Wilcotsl l[2009 l ) ; (f) Balick & Hcckman ( 1978);" [Kirshner h Blair 
U980 1 ) : IBlair et al.l jl983l): (g) ILacev et al"l 120071): IChomiuk fc Wilcotsl <2009|) ; (h) | vogler fc Pietscl 
]l997l) : iPatnaude &: Fesenl 1120031 ); ISummers et ahl I I2003D : fi) IRosa-Gonzalezj H2005I) : (i) IQtt et a" 
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Table 3 
Chandra OBSERVATION LOG 



Galaxy Observation Number Obs ID Net Exposure Date Roll 

(ksec) 



Single Exposures 



NGC 3077 


1 


2076 


54.14 


2001 Mar 07 


199.5 


NGC 4449 


1 


2031 


26.94 


2001 Feb 04 


108.8 


NGC 4395 


1 


882 


17.19 


2000 Jun 20 


253.8 


Multiple Exposures 


NGC 4214 


1 


2030 


26.76 


2001 Oct 16 


23.9 




2 


4743 


27.56 


2004 Apr 03 


193.1 




3 


5197 


28.96 


2004 Jul 30 


275.8 


NGC 2403 


1 


2014 


36.00 


2001 Apr 17 


266.8 




2 


4628 


47.12 


2004 Aug 23 


44.5 




3 


4629 


45.14 


2004 Oct 03 


75.2 




4 


4630 


50.58 


2004 Dec 22 


149.3 


NGC 5204 


1 


2028 


10.15 


2001 Jan 09 


77.3 




2 


2029 


9.55 


2001 May 02 


197.7 




3 


3933 


48.94 


2003 Aug 06 


281.2 




4 


3934 


5.01 


2003 Aug 09 


284.4 




5 


3935 


4.76 


2003 Aug 11 


287.0 




6 


3936 


4.83 


2003 Aug 14 


290.0 




7 


3937 


4.91 


2003 Aug 17 


292.8 




8 


3938 


5.45 


2003 Aug 19 


295.7 




9 


3939 


5.44 


2003 Aug 27 


304.2 




10 


3940 


5.13 


2003 Sep 05 


314.3 




11 


3941 


5.16 


2003 Sep 14 


324.2 




12 


3942 


5.51 


2003 Sep 23 


334.0 




13 


3943 


5.18 


2003 Oct 03 


345.5 



19 



Table 4 

Number of background sources for the galaxies in our sample 



Galaxy 


Expected background sources 


NGC 2403 


60 


NGC 5204 


3 


NGC 4395 





NGC 4449 


7.6 


NGC 3077 


6 


NGC 4214 


15.6 



Note. — Based o n the 0.5 - 2.0 keV logN 
- logS of iKim et alJ (|2007h . we estimated the 
number of background sources within the area 
of each galaxy covered by the Chandra obser- 
vations. The Chandra data cover the entire 
£>25 area of NGC 4214 and NGC 4449, 30% of 
NGC 4395 and 80 - 90% of NGC 2403, NGC 
3077 and NGC 5204. 
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Table 5 

Photometric properties of potential SNRs in NGC 3077 



Soft Band Medium Band Hard Band Total Band 



SrcID 


RA 


DEC 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Area 


Effective 




(h:m:s) 


(d:m:s) 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 




Area 


LZB.2 


10:03:17.73 


+68:44:16.57 


35 


202 





77 





30 


35 


309 


159.1 


1.01 


LZB.6 


10:03:18.08 


+68:44:04.04 


17 


295 


6 


129 





38 


23 


462 


127.7 


1.02 


LZB.8 


10:03:21.19 


+68:46:33.27 


3 


72 


3 


55 





89 


6 


216 


1035. 


0.99 


LZB.12 


10:03:21.82 


+68:45:03.29 


5 


88 


7 


53 





76 


12 


217 


424.6 


0.99 


LZB.13 


10:03:12.14 


+68:43:19.07 


1 


65 


7 


74 


2 


70 


10 


209 


652.5 


0.99 


LZB.14 


10:03:08.25 


+68:44:08.57 


8 


47 


15 


44 


5 


53 


28 


144 


395.0 


0.99 


LZB.15 


10:03:20.60 


+68:41:40.29 


75 


49 


109 


60 


23 


73 


207 


182 


213.0 


0.99 


LZB.18 


10:03:18.62 


+68:43:56.87 


29 


295 


86 


129 


11 


38 


126 


462 


182.2 


1.02 


LZB.19 


10:02:56.51 


+68:44:30.59 


33 


61 


69 


48 


35 


83 


137 


192 


149.8 


0.97 



Note. — Column 1: Source ID; Columns 2-3: Source coordinates in J2000; Cols 4-11: Photometric counts of each source and its backgound in the 
soft, medium, hard and total bands respectively (sec Section 3.3); Column 12: (Background / source) area ratio; Column 13: Effective area ratio 
with respect to a reference point (see §3.3) in the soft energy band. 



Table 6 

Photometric properties of potential SNRs in NGC 4395 



Soft Band Medium Band Hard Band Total Band 



SrcID 


RA 


DEC 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Area 


Effective 




(h:m:s) 


(d:m:s) 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 




Area 


LZB.l 


12:25:54.52 


+33:30:44.29 


16 


62 


2 


27 





32 


18 


121 


597.5 


1.00 


LZB.2 


12:25:45.15 


+33:31:02.51 


47 


62 





22 





37 


47 


121 


409.5 


0.99 


LZB.5 


12:25:47.01 


+33:36:06.22 


21 


59 


14 


29 


2 


65 


37 


153 


232.5 


0.99 


LZB.6 


12:25:40.90 


+33:31:09.50 


3 


40 


4 


20 


1 


26 


8 


86 


531.9 


0.97 


LZB.7 


12:25:55.03 


+33:30:15.02 


1 


42 


3 


23 





21 


4 


86 


1354. 


1.25 


LZB.10 


12:25:53.22 


+33:38:30.37 


1 


41 


1 


24 





26 


2 


91 


2492. 


0.99 


LZB.12 


12:25:59.77 


+33:33:20.57 


35 


131 


39 


123 


8 


39 


82 


293 


292.6 


1.76 


LZB.14 


12:25:39.42 


+33:32:03.55 


95 


43 


78 


40 


5 


34 


178 


117 


326.8 


1.00 


LZB.15 


12:25:48.93 


+33:32:00.81 


85 


58 


114 


41 


48 


60 


247 


159 


471.4 


0.99 



Note. — For the description of the columns see Table 5. 



Table 7 

Photometric properties of potential SNRs in NGC 4449 



Soft Band Medium Band Hard Band Total Band 



Src_ID 




DEC 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Area 


Effective 




(h:m:s) 


(d:m:s) 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 




Area 


LZB.2 


12:28:07.35 


+44:04:53.40 


94 


91 


50 


26 


9 


18 


153 


135 


74.4 


0.98 


LZB.4 


12:28:11.93 


+44:06:40.86 


74 


281 


94 


93 


17 


23 


185 


397 


148.9 


0.99 


LZB.5 


12:28:11.18 


+44:06:37.67 


66 


281 


40 


93 


6 


23 


112 


397 


94.3 


0.99 


LZB.8 


12:28:13.23 


+44:06:55.27 


100 


260 


135 


100 


17 


20 


252 


380 


109.9 


0.97 


LZB.9 


12:28:11.99 


+44:05:57.74 


37 


165 


20 


47 


2 


14 


59 


226 


71.9 


1.00 


LZB.ll 


12:28:10.94 


+44:04:59.06 


3 


181 


16 


46 


5 


17 


24 


244 


275.1 


1.45 


LZB.12 


12:28:10.97 


+44:06:47.80 


378 


281 


568 


93 


86 


23 


1032 


397 


82.4 


0.99 


LZB.13 


12:28:10.93 


+44:03:37.58 


403 


74 


2 


37 





50 


405 


161 


107.6 


0.99 


LZB.14 


12:28:10.38 


+44:05:58.02 


39 


149 


1 


30 





12 


40 


191 


80.28 


1.00 


LZB.15 


12:28:09.69 


+44:05:52.80 


44 


137 


110 


30 


46 


20 


200 


187 


76.67 


0.99 


LZB.16 


12:28:09.28 


+44:05:07.96 


565 


229 


555 


61 


57 


18 


1177 


308 


216.0 


0.98 


LZB.18 


12:28:06.81 


+44:05:28.03 


3 


78 


9 


17 


2 


12 


14 


107 


283.8 


0.99 


LZB.20 


12:28:16.35 


+44:07:38.47 


3 


61 


1 


28 


3 


41 


7 


130 


904.9 


0.97 


LZB.21 


12:28:01.32 


+44:05:29.85 


4 


74 


10 


21 





24 


14 


119 


379.5 


0.99 


LZB.22 


12:28:23.98 


+44:04:54.78 


4 


69 





45 


1 


67 


5 


181 


959.4 


0.99 


LZB.24 


12:28:11.23 


+44:05:36.69 


6 


182 


1 


52 





18 


7 


252 


186.6 


0.99 


LZB.25 


12:28:18.99 


+44:05:44.32 


40 


173 





51 





42 


40 


266 


375.4 


0.93 


LZB.26 


12:28:15.58 


+44:05:36.34 


12 


435 


3 


63 


1 


28 


16 


526 


506.3 


0.95 



Note. — For the description of the columns see Table 5. 



Table 8 

Photometric properties of potential SNRs in NGC 4214 









Soft Band 


Medium Band 


Hard Band 


Total Band 






SrcJD 


RA 


DEC 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Area 


Effective 




(h:m:s) 


(d:m:s) 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 




Area 


LZB.5 


12:15:40.82 


+36:19:26.29 


10 


2490 


2 


1534 


4 


1861 


16 


5885 


4939.6 


1.00 


LZB.7 


12:15:33.41 


+36:18:58.88 


50 


925 


5 


809 


3 


1229 


58 


2963 


1158.3 


0.98 


LZB.10 


12:15:49.71 


+36:18:46.69 


3 


924 


5 


788 


1 


1177 


9 


2889 


3948.4 


0.99 


LZB.ll 


12:15:37.93 


+36:22:21.00 


2 


867 


5 


884 


o 


1091 


7 


2842 


4956.7 


0.98 


LZB.16 


12:15:40.16 


+36:19:25.21 


4 


2490 


3 


1534 





1861 


7 


5885 


6656.5 


1.05 


LZB.20 


12:15:38.13 


+36:20:50.08 


g 


1047 


19 


955 


5 


1335 


30 


3337 


3237.0 


1.04 


LZB.23 


12:15:48.80 


+36:17:01.83 


2 


834 


8 


883 


1 


1437 


11 


3154 


4187.0 


0.96 


LZB.24 


12:15:41.37 


+36:21:13.67 


135 


1047 


235 


955 


110 


1335 


480 


3337 


435.43 


0.98 


LZB.25 


12:15:38.24 


+36:19:20.44 


573 


2490 


1042 


1534 


362 


1861 


1977 


5885 


797.84 


0.97 


LZB.26 


12:15:38.11 


+36:19:44.03 


99 


2490 


258 


1534 


69 


1861 


426 


5885 


865.80 


1.03 


LZB.27 


12:15:43.56 


+36:20:09.35 


12 


2490 


9 


1534 





1861 


21 


5885 


4052.9 


0.98 


LZB.28 


12:15:41.86 


+36:19:14.47 


13 


2490 


13 


1534 


1 


1861 


27 


5885 


3263.6 


0.97 


LZB.29 


12:15:40.85 


+36:19:38.84 


15 


2490 


52 


1534 


22 


1861 


89 


5885 


2285.5 


1.00 


LZB.30 


12:15:39.97 


+36:18:40.12 


36 


924 


4 


788 





1177 


40 


2889 


1470.7 


0.98 


LZB.31 


12:15:39.37 


+36:20:54.09 


26 


1047 


6 


955 


2 


1335 


34 


3337 


1686.6 


0.98 


LZB.33 


12:15:44.74 


+36:18:46.00 


10 


924 


57 


788 


29 


1177 


96 


2889 


977.95 


0.98 


LZB.34 


12:15:40.01 


+36:19:35.78 


54 


2490 


20 


1534 


5 


1861 


79 


5885 


1051.5 


1.06 


LZB.35 


12:15:37.23 


+36:22:18.65 


35 


867 


21 


884 


2 


1091 


58 


2842 


744.23 


0.99 


LZB.37 


12:15:34.36 


+36:22:19.02 


35 


867 


115 


884 


47 


1091 


197 


2842 


453.00 


0.98 


LZB.38 


12:15:45.65 


+36:19:42.21 


10 


2490 


2 


1534 





1861 


12 


5885 


3441.3 


0.99 


LZB.41 


12:15:36.05 


+36:18:47.25 


5 


925 





809 


11 


1229 


16 


2963 


1492.3 


1.00 


LZB.43 


12:15:47.74 


+36:21:55.11 


2 


1217 


13 


1227 


5 


1523 


20 


3967 


1729.9 


0.94 



Note. — For the description of the columns see Table 5. 



Table 9 

Photometric properties of potential SNRs in NGC 2403 









Soft Band 


Medium Band 


Hard Band 


Total Band 






SrcJD 


RA 


DEC 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Obs 


Bkg 


Area 


Effective 




(h:m:s) 


(d:m:s) 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 


Counts 




Area 


LZB.2 


07:37:10.70 


+65:33:11.73 


28 


1816 


49 


1598 


10 


2340 


87 


5754 


781.4 


0.95 


LZB.5 


07:36:52.44 


+65:36:41.69 


34 


4482 


7 


2854 


2 


3418 


43 


10754 


2574. 


0.97 


LZB.14 


07:37:16.43 


+65:33:29.24 


28 


1818 


12 


1609 


\ 


2346 


41 


5773 


1090. 


0.98 


LZB.21 


07:38:00.72 


+65:32:09.30 


81 


519 


148 


491 


42 


785 


271 


1795 


241.7 


1.18 


LZB.30 


07:36:46.13 


+65:36:41.80 


32 


4482 


17 


2854 


l 


3418 


50 


10754 


1035. 


0.95 


LZB.39 


07:36:35.95 


+65:36:09.35 


27 


4482 


56 


2854 


20 


3418 


103 


10754 


1368. 


1.18 


LZB.41 


07:37:13.50 


+65:35:58.72 


49 


3543 


12 


2389 


4 


3112 


65 


9044 


2123. 


0.98 


LZB.42 


07:36:57.54 


+65:36:04.45 


37 


4482 


24 


2854 


2 


3418 


63 


10754 


2149. 


0.91 


LZB.54 


07:37:40.85 


+65:35:22.39 


29 


1425 


158 


1301 


75 


1966 


262 


4692 


1237. 


1.03 


LZB.58 


07:36:46.49 


+65:36:14.33 


15 


4482 


71 


2854 


47 


3418 


133 


10754 


1058. 


0.96 


LZB.63 


07:37:38.78 


+65:36:30.67 


134 


1425 


o 


1301 


I 


1966 


135 


4692 


1764. 


1.01 


LZB.64 


07:36:34.47 


+65:38:55.66 


268 


1444 


294 


871 


75 


1397 


637 


3712 


255.3 


0.97 


LZB.65 


07:37:37.39 


+65:32:01.36 


60 


1545 


91 


1373 


31 


1943 


182 


4861 


509.8 


1.12 


LZB.68 


07:37:15.12 


+65:32:02.71 


13 


814 


\ 


584 


1 


984 


15 


2382 


1608. 


0.91 


LZB.69 


07:37:33.81 


+65:33:07.69 


348 


1680 


497 


1613 


166 


2194 


1011 


5487 


438.6 


1.03 


LZB.71 


07:37:22.24 


+65:33:18.48 


363 


1680 




1613 




2194 


375 


5487 


742.6 


0.82 


LZB.72 


07:37:10.01 


+65:33:06.01 


140 


1816 




1598 


3 


2340 


144 


5754 


758.7 


0.95 


LZB.75 


07:37:18.23 


+65:37:27.27 


15 


3207 


4 


2988 


3 


4343 


22 


10538 


4116. 


0.93 


LZB.76 


07:37:17.92 


+65:36:24.17 


20 


3543 


9 


2389 


o 


3112 


29 


9044 


3086. 


0.99 


LZB.78 


07:37:07.96 


+65:39:20.63 


69 


3000 


24 


2918 


3 


4577 


96 


10495 


2190. 


0.75 


LZB.80 


07:37:03.39 


+65:34:38.57 


21 


2542 




1705 


2 


2104 


29 


6351 


1515. 


1.04 


LZB.81 


07:37:02.99 


+65:37:11.31 


37 


3543 


12 


2389 


1 


3112 


50 


9044 


2617. 


1.00 


LZB.86 


07:37:02.71 


+65:36:02.58 


18 


3543 


4 


2389 


3 


3112 


25 


9044 


2938. 


0.98 


LZB.93 


07:37:01.18 


+65:34:17.91 


186 


2542 


136 


1705 


45 


2104 


367 


6351 


574.8 


1.00 


LZB.98 


07:37:15.24 


+65:34:29.94 


111 


2491 


369 


2148 


156 


3044 


636 


7683 


1450. 


0.94 


LZB.99 


07:37:12.02 


+65:33:46.28 


132 


1818 


928 


1609 


412 


2346 


1472 


5773 


479.5 


0.99 


LZB.100 


07:37:09.48 


+65:35:45.09 


95 


3543 


425 


2389 


371 


3112 


891 


9044 


888.5 


0.98 


LZB.101 


07:37:07.74 


+65:34:56.37 


211 


2542 


205 


1705 


95 


2104 


511 


6351 


943.0 


0.98 


LZB.103 


07:37:02.63 


+65:39:36.34 


098 


3000 


3205 


2918 


1733 


4577 


6036 


10495 


521.2 


0.72 


LZB.104 


07:36:55.97 


+65:35:41.68 


388 


4482 


6568 


2854 


2416 


3418 


1372 


10754 


257.9 


0.91 


LZB.105 


07:36:50.43 


+65:36:04.59 


216 


4482 


447 


2854 


103 


3418 


766 


10754 


773.0 


1.09 


LZB.107 


07:36:42.39 


+65:36:52.58 


586 


4482 


266 


2854 


4 


3418 


856 


10754 


715.1 


0.97 


LZB.109 


07:36:25.94 


+65:35:40.28 


110 


1516 


11671 


1384 


3825 


1712 


8606 


4612 


103.9 


0.97 


LZB.112 


07:37:27.66 


+65:31:02.52 


118 


1149 


280 


1032 


112 


1531 


510 


3712 


234.8 


0.81 


LZB.115 


07:36:32.84 


+65:39:01.95 


43 


1444 


83 


871 


44 


1397 


170 


3712 


526.1 


0.93 


LZB.120 


07:36:47.95 


+65:36:22.35 


96 


4482 


130 


2854 


53 


3418 


279 


10754 


460.0 


0.95 



Note. — For the description of the columns see Table 5. 



Table 10 

Photometric properties of potential SNRs in NGC 5204 



Soft Band Medium Band Hard Band Total Band 



SrcJD RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective 

(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area 

LZB.8 13:29:39.26 +58:25:31.20 94 834 47 595 9 586 150 2015 235.7 0.98 

LZB.10 13:29:38.63 +58:25:05.51 14427 1182 13451 834 2191 846 30069 2862 71.6 0.99 

LZB.ll 13:29:27.47 +58:25:34.26 86 125 124 144 56 275 266 544 91.9 0.99 



Note. — For the description of the columns see Table 5. 



Table 11 

x-ray colors for potential snrs in ngc 3077 



SourceJD Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart 



LZB.2 


1 84+ 095 

x -°*— 0.57 


0.00+}}! 


1 84+ - 95 

0.57 


Yes 


sss 


SSS (Ott-S4) a 


LZB.6 


44+ 26 


, r.o + 0.98 


1 48+ ' 95 


Yes 


probable SNR 


SNR (Ott-S6) a 


LZB.8 




U ' S4 -0.64 


°- 84 -0.64 


Yes 


XRB 




LZB.12 


— n i4+ - 25 


1 16+ - 96 


, r., + 0.96 
LW -II.61 


Yes 


probable SNR 




LZB.13 


-0 72+ 41 




-0 21+ - 54 


Yes 


probable SNR 




LZB.14 




46+ 023 

u '™-0.21 


19+ - 25 


Yes 


XRB 




LZB.15 


-0 16+ 009 

u -- LU -0.22 


0.68+g : iS 


51 +°- 10 
U01 -0.10 


Yes 


probable SNR 




LZB.18 


-0 49+ 09 
u -^ B -o.io 


0.88+g;» 


39+ 16 


Yes 


probable SNR 


SNR (Ott-Sl) a ' b 


LZB.19 


"■"-0.09 


o.ao+S:SS 


— D 024+ 11 


Yes 


XRB 





Note. — Column 1: Source ID; Columns 2-4: X— ray colors and their errors (derived from the BEHR 
method) in the Soft/Medium, Medium/Hard and Soft/Hard bands respectively; Column 5: Whether 
spectrum of the source is derived; Column 6: The classification of the source according to its spectrum 
(sec §3.4.2 and §4) and Column 7: Multiwavclength associations 

a Sources identified bv lOtt et all 1)20031) . 

Radio can didate SNR bv lRosa -Gonzalc'3 ( 1200511 



Table 12 

x-ray colors for potential snrs in ngc 4395 



SourceJD Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart 



LZB.l 


n s9 + 0.34 
U - S2 -0.28 


69+° " 


, rn+0.95 
l -°'-0.S7 


Yes 


XRB 


LZB.2 


1 97+ - 95 

l i " -0.55 


O.ooli; 1 ^ 


1 97+ - 95 

1M '-0.55 


Yes 


XRB 


LZB.5 


17+ - 15 

v - 1 ' -0.15 


0.80lS;S 


97+ - 41 

-0.32 


Yes 


XRB 


LZB.6 


-0 n+°- 32 

Ui±± -0.34 




^7+ - 54 


Yes 


XRB 


LZB.7 


-0 S7+ - 43 


U - 84 -0.63 


46+ 1 04 

u -*°-0.77 


Yes 


XRB 


LZB.10 


00+ 57 

"■""-0.58 


47+ 1 03 

Ui ^' -0.75 


47+ 1 03 

u -0.77 


No 


candidate SNR a 


LZB.12 


-o n5+ 010 


67+ 17 

U DI -0.16 


62+ 18 

UDZ -0.16 


Yes 


XRB 


LZB.14 


09+° 06 


1 16+ 021 


i 9 r;+0.21 

1 - ZD -o.is 


Yes 


SNR 


LZB.15 


-o n+°- 06 

"•"-0.06 


n , 7 +0.08 
u - J ' -0.06 


_ n ,0 + 0.06 
u - lo -0.06 


Yes 


XRB 



Note. — For the description of the Columns sec Tabic 11. 

a We do not have spectrum for this source (due to small number of counts) but its large crrobars at 
the color— color diagram place it on the region of candidate SNRs 
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Table 13 

x-ray colors for potential snrs in ngc 4449 



SourceJD 


Col(S/M) 


Col(M/H) 


Col(S/H) 


Spectra 


Classification 


Counterpart a 


LZB.2 


27+ 08 


o.74±»;i« 


1 00+ 016 


Yes 


XRB 


SNR/XRB 


LZB.4 


-0 ii+ 07 

u ' ix — 0.07 


0.73+*- 


62+ 12 

UDZ -0.11 


Yes 


XRB 


SNR 


LZB.5 


19+ - 1 

u - ±a — 0.78 


o.80± ;?° 


1 oo+°- 20 


Yes 


XRB 


SNR/XRB 


LZB.8 


-0.14i° ° 5 6 


0.891°;- 


7 9 +°- 12 
u - '°-0.11 


Yes 


XRB 


SNR/XRB 


LZB.9 


0.25t°;i» 


o.93tS;I! 


1 , a +0.38 
1,18 -0.30 


Yes 


SNR 


SNR/SSS 


LZB.ll 


u -'°-0.39 


0.48+°;» 


n 97+0.36 
u '^'-0.42 


Yes 


XRB 


XRB 


LZB.12 


n , s +o.03 
-0.18_ 03 


0.82+° ;» 


64+°' 03 


Yes 


SNR 


SNR b 


LZB.13 


„ ,,- + 0.43 
z ' zo -0.31 


o.83±S:?? 


2.89+°;^ 


Yes 


SSS 


SSS 


LZB.14 


-0.41 


37+ 1 ' 15 

u -°'— 0.96 


1 KS+ ' 95 
J--88-0.57 


Yes 


SSS 


SSS 


LZB.15 


-0 41+ 08 


u - oo -0.07 


-0 04+ 09 


Yes 


XRB 


XRB 


LZB.16 


u ' ui -0.01 


0.99±g;gS 


99+ 05 

^-^ -0.06 


Yes 


XRB 


SNR/XRB 


LZB.18 


-0 46+ 28 

u -™-0.33 


o.58i° ;- 


12+ ' 41 

u - ±z -0.41 


Yes 


unclassified 


SNR/XRB 


LZB.20 


u '°' -0.44 


-0 -!7+ - 44 


-0 01+ 35 


Yes 


XRB 


AGN 


LZB.2 1 


-0.38±S;2f 


, ,,+0.06 


93+° 98 

uao -0.61 


Yes 


unclassified 


SNR/XRB 


LZB.22 


95+ 98 


-0 44+ - 80 


49+° 54 


Yes 


foreground star 




LZB.24 


0.63+S1? 


0.38_ ' 92 


1 04+° 98 


Yes 


probable SNR 


SNR/XRB C 


LZB.25 




o.oo±*;™ 


1 gn+ - 96 

■ L,!,u -0.66 


Yes 


SSS 


SSS 


LZB.26 


o4+°- 30 
u '°*-0.27 


S7+ - 54 

u - J '-0.46 


90+ - 49 


Yes 


probable SNR 


SSS/XRB 



Note. — For the description of the Columns sec Table 11. 
a X-ray detected sources by Summers ct al. (2003) 
b The most oxygen rich SNR known (see §2.1) 

c It is also detected in radio as Hll region bv lCho miuk & Wilcots (1200911 
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Table 14 

x-ray colors for potential snrs in ngc 4214 



SourceJD 


Col(S/M) 


Col(M/H) 


Col(S/H) 


Spectra 


Classification 


Counterpart 


LZB.5 


o.65«; 44 


-0 27+ - 42 


n , s + 0.29 
U.3»_ 26 


Yes 


XRB 




LZB.7 


i.oi±S:S 


27+ 55 

u '^'-0.44 


1 qo+0.50 


Yes 


SNR 




LZB.10 


-0 21 +0 32 


61+ - 69 


40 +0 - 73 

u -™-0.54 


No 


candidate SNR 


Background galaxy d 


LZB.ll 


-o 3=;+° 36 


1 03+ 08 


66 +1 03 


No 


candidate SNR 




LZB.16 


o io +0 - 37 

ulu -0.36 


81+°" 


n q9 + 0.98 
ua ''-0.63 


No 


candidate SNR 




LZB.20 


-0 49+ 20 


n ";7+ - 25 

u -°'-0.21 


n nq +0 " 28 


Yes 


XRB 




LZB.23 


-0 34 
u ' oo -0.40 


U - O1 -0.46 


o 2R 4 " - 80 

U/D _0.61 


No 


candidate SNR 




LZB.24 




34+ 05 

u " 3 ^-0.0.05 


n ns+ 007 

°- U8 -0.04 


Yes 


XRB 


Hn c 


LZB.25 


-0 26+ 02 

u - ZD -0.02 


u -™-0.03 


20 +0 - 03 

uzu -0.03 


Yes 


XRB 




LZB.26 


-0 42+ 05 


u - oo -0.06 


ulo -0.07 


Yes 


XRB 


SNR/Hn b 


LZB.27 


n+° 20 
u±1 -0.19 


, 9I . + 0.96 


, ,„+0.95 
i-38_0.58 


Yes 


XRB 




LZB.28 


-0 ni +0 18 

u ' ui -0.18 


1.06±S;f 7 


1 04+ - 80 

^■"^-0.47 


Yes 


probable SNR 


SNR a ' b 


LZB.29 


-0 13 


0.38±S;ii 


r, ia+0.15 


Yes 


XRB 




LZB.30 


95+ 28 

u.yo_ Q 23 


89+° " 


, OJ. + 0.96 

L -°°-o.55 


Yes 


SNR 


SNR b 


LZB.31 


64+ 22 


U - OU -0.45 


, ,,+0.62 
1 - lo -0.3& 


Yes 


probable SNR 




LZB.33 


-0 77+ 15 

u - ' ' -0.17 


n 3n+ 010 
u - au -o.io 


-0 47+ ' 17 

Ui ^' -0.18 


Yes 


XRB 




LZB.34 


44+ - 12 

u ^-0 .12 


69+ 40 


, 19 + 0.38 
^■^ -0.27 


Yes 


probable SNR 


SNR b 


LZB.35 


n 23 +0 13 

u - zo -0.12 


1 ,,+0.81 
± -- LO -0.44 


l.OD_ 43 


Yes 


probable SNR 




LZB.37 


u ' oo -0.09 


40+ 08 


u - i ' 3 -0.10 


Yes 


XRB 




LZB.38 


66+ 49 

UDD -0 .37 


60+ 1 09 


1 29+ - 96 


Yes 


probable SNR 


Hn c 


LZB.41 


°- gS -0.61 


1 ,, + 0.58 
1 -°°-0.96 


-0 34+ - 25 

u - J ^-0.27 


Yes 


XRB 




LZB.43 


n on + 39 


44+ 29 
u '^*-0.25 


n ,o+0.49 


Yes 


XRB 





Note. — For the description of the Columns see Table 11. Sources 10, 11, 16 and 23 do not have adequate 
number of counts to allow us the extraction of their spectra, but their X— ray colors (within their errobars) 
place them in the region of candidate SNRs. 

a Radio candidate SNR bv lVukotic et alj J2005I 1. the source is denoted as " p" . 

Radio can didate SNRs bv lChomiuk fc Wilcotl \200$) 

c Radio classified Hll regions bv lChomiuk & Wilcotl \200$) 

d Thc classification criteria of Chomiuk Sz Wilcots (2009) for radio SNRs is the radio spectral index to be 
a<-0.2 and Ha emission associated with the source. In the case of this source, the radio spectral index is -0.32 
but there is no detected Ha emission, therefore they classify this source as a radio background galaxy. 



29 



Table 15 

x-ray colors for potential snrs in ngc 2403 



SourceJD 


Col(S/M) 


Col(M/H) 


Col(S/H) 


Spectra 


Classification 


Counterpart 


LZB.2 


U ' ZD -0.11 


Ui ' 3 -0.19 


UJ ^-0.20 


Yes 


probable SNR 


SNR (MFBL-29) a 


LZB.5 


u - ,u -0.19 


^ „, xn si 
u - u± -0.49 


J^-^^-o^i 


Yes 


probable SNR 




LZB.14 


~ nn+(l 1 7 

0.38±°^ 


- ., „4-0 95 
L - lv -0.54 


- _ _ 4-0 9^ 
± - OO -0.52 


Yes 


probable SNR 


SNR (MFBL-31,SP-30) b 


LZB.21 


-0-26±°;°« 


n ^+°- 11 


u-ou_ 08 


Yes 


XRB 




LZB.30 


n T-.4-0 16 


i ^--i-0 95 


i ^r,4-0 95 
1 -O z _0.54 


Yes 


probable SNR 


SNR (MFBL-7, Eck-^i ?) 


LZB.39 






n i 14 


Yes 


XRB 




LZB.41 


0.62+ 14 


,.^-1-0.47 
U -^-0.34 


-■ -,-4-0.45 
L - L ' -0.30 


Yes 


probable SNR 




LZB.42 


^ - r-, + 12 


4-0.83 
1-^1 — 0.44 


i n„4-0 83 

±.oy_ .4 4 


Yes 


SNR 


SNR (MFBL-17) C 


LZB.54 


„ _ , 4_n nQ 

n 74 ' 

u - '^-0.09 


0.32+°;^ 


„ . f-,-|_0 1 

n AO, ' 

u -^^-o.io 


Yes 


XRB 




LZB_58 


n -O + 0.15 

-0.78+ ;s 


n .. o 4-0. 11 
°- 18 -0.07 


-0.59I 18 


Yes 


XRB 




LZB.63 




-Q.23iJ;" 


„ M , _i_n sq 
Z -- L ^_0.47 


Yes 


sss 




LZB.64 


„ _ . _i_n 04 
u - u ^-0.04 


„ „,-,-|_n OR 
U - DZ -0.06 


^ -_-l-0 06 
u -°'-0.06 


Yes 


XRB 




LZB.65 


.-, i .-,-1-0 08 

-0.19Io.o7 


.-, -.-,4-0 10 

0-5015.16 


^, fir-. 4-0 1 1 


Yes 


XRB 




LZB.68 


4-0.72 


_ _._4-i oi 


^ _„4-Q 81 


Yes 


probable SNR 




LZB.69 






0.32+°;^ 


Yes 


XRB 




LZB.71 


i - 3U -0.24 


u u ' -0.53 


^ ,,,-,4-0 48 
J -- 3O -0.30 


Yes 


probable SNR 


SNR (MFBL-33 ?) 


LZB.72 


_ „„4-0 93 

2 -26Io.52 


-0.23+i™ 


i -r-0 90 

± y ' -0.44 


Yes 


SSS 




LZB.75 


. „„^0 32 
^9 u.o*s 


U - 1 ' -0.49 


„ + 51 


Yes 


XRB 




LZB.76 


. „ . +0 19 

34tu-x» 
u -°^-o.is 


.. n , _i_n oft 

1 24 


1.591S-.57 


Yes 


probable SNR 




LZB.78 


47^ 


- ~~4-0 77 
1 09 

1,u3 -0 .41 


^ - ^ 4-0 77 
'■°°-0.40 


Yes 


probable SNR 




LZB_80 


°' 56 -0.22 


n qr+0.83 
UOO -0.52 


, nn + 0.81 
1-10_ .43 


Yes 


probable olN K 


olNK (Mrr>L-24) 


LZB.81 


49+ 16 


1 09+ 092 


lo3 -0.49 


Yes 


SNR 




LZB.86 


0.66±°;|? 


16+ ' 59 


n 00+0.51 


Yes 


probable SNR 


SNR (MFBL-22) 


LZB.93 


0.13i°-™ 


49+ 08 


n fi o + 0.09 
U - D J_0.07 


Yes 


XRB 


SNR (MFBL-18 ?) 


LZB.98 


-0 ^2+ 6 ' 04 


n o 7 +0.05 


u - 1 ^-0.06 


Yes 


XRB 




LZB.99 


-0 8>i +0 04 




_n cn+O.M 
u - ou -0.04 


Yes 


XRB 


SNR (MFBL-30) 


LZB.100 


-0 67+ 07 

u - D '-0.04 


06+ 04 


-0 60+ 06 


Yes 


XRB 




LZB.101 


01+ ' 04 


34+ 06 

u -°^-0.05 


^ + 0<i 
u -°°-0.05 


Yes 


XRB 




LZB.103 


-0 46+ 01 

u '^ u -0.02 


u -^'-o.oi 


-0 20+ 02 

u - zu -0.02 


Yes 


XRB 


XRB, ULX d 


LZB.104 


-0 44+ 01 
u -^*-o.oi 


44+ 01 
u -^-o.oi 


-0 01+ 002 
u - ul -o.oi 


Yes 


XRB 


SNR (MFBL-15)° 


LZB.105 


_„ oo + 0.04 

u.oo_ 04 


0.65_„ os 


n ,o + 0.05 
uoo -0.06 


Yes 


XRB 


ULX f 


LZB.107 


34+ 04 

u - J ^-0.03 


r, 97 +0.92 
^'-0.44 


2 59+ 92 

z - o3 -0.44 


Yes 


SNR 


SNR (TH-2) g 


LZB.109 


-0 >;7+ 01 


u - 48 -o.oi 


u - ua -o.oi 


Yes 


XRB 


ULX h 


LZB.112 


-0.39+^5 


42+ 05 

u -* z -0.05 


04+ 04 
u - u *-o.oi 


Yes 


XRB 




LZB.115 


-o ™ +oos 


29+ 09 


-0 01+° 10 

uul -0.10 


Yes 


XRB 




LZB.120 


-0 16+ 006 
u. iu_ og 


42+ 09 


n oc + 0.10 


Yes 


probable SNR 





Note. — For the description of the Columns sec Tabic 11. 

NOTE.— (MFBL): Optic ally identified SNRs by IMatonick et al.l jl997D; (SP ): X-ray identified SNRs by 
ISchlegel fe Pannutil 11200311 : (TH): Radio candidate SNR by I Turner &: HoTl 19941) : (Eck): Radio candidate SNR 
loT ^ck^t^aTTl2003) . The qucstionmarks correspond to large position offsets. 

This source is also X-ray detected (SP-31) by ISchlegel fc PannutH l|2003f) . 

b Also X-ray detected bv lPannuti et al.l 1 120071) . 

c This source is also X-ray detected (SP-16) by ISchlegel fc Pannutll ( 120031) and lPannuti et al.l (J2003) . 
d XRB by ISchlegel h Pannutll 1 120031) while it is also detected as ULX bv lWinter et al.l 1 1200611 

ISchlegel & Pannu ti (2003) have extra cted spectra for this source (SP20) without defining any classification. Also 
detected as ULX bv lWinter et al.l (1200611 

IWinter et"aT1 j2006l) . 

E Also X-ray detected (SP-12) by ISchlegel fc Pannutll ( 1200311 and lPannuti et al.l d2007l1 . 
h Classified as ULX bv lWinter et alj d2006T) and ISchlegel fc Pannutll J2003I1 . 
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Table 16 

x-ray colors for potential snrs in ngc 5204 



SourceJD 


Col(S/M) 


Col(M/H) 


Col(S/H) 


Spectra 


Classification Counterpart 


LZB.8 
LZB.10 
LZB.ll 


30+ 08 

„ n o + 0.006 

-0 16+ 006 


n o n + 0.20 

79+ 01 

U.<5O_ . 07 


i 1+0.20 
- L -- L -0.20 

0.82+° °oi 


Yes 
Yes 
Yes 


XRB 
XRB 
XRB 



Note. — For the description of the Columns see Table 11. 
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Table 17 

Spectral fitting results of the point-sources in NGC 3077 



SourccJD Model N H T/kT Norm X 2 / dof Goodness(%) F aba F„„ obs logL£" abs Classification 

(x 111 22 enr 2 ) (Indcx/kcV) (10~ 5 A) or Cstat (for Cstat) ( X 1CT 15 erg s~ 1 cm -1 ) (orgs -1 ) 



chi-squarc statistics 



LZB.15 
LZB.19 


apcc 
PL 


06 +0 ' 05 

u - UD -0.04 

14+ ' 13 

u ' x *-0.12 


9 o+l.lS 
z -°-0.68 
, ,o + 0.31 
i-J8_ .19 


, ,-+0.25 
L -°-Q.2G 

S2+° 21 

u -° -0.12 


4.98/10 
4.15/6 




21 
7.9 


24 
58 


37.6 
38.0 


probable SNR 
XRB 


cash statistics 


LZB.2 
LZB.6 
LZB.8 
LZB.12 
LZB.13 
LZB.14 
LZB.18 


bbody 
apcc 

PL 
apcc 
apcc 

PL 
apcc 


41+ ' 14 

u '* x — 0.12 

34+ ' 43 
0.05 a 

u - ,u -0.70 

2.97tt.4 

0.05 a 
99+ 16 


u - uz -o.oi 

U.OU_ 22 

3.29± 2 ; 32 
0.77 (> 0.18) 

19+ - 43 

1 or+0.76 
loo -0.76 

7>;+ 08 

u - ,o -0.13 


> 936.2 

> 0.44 
02+ 02 

°-"±S:!. 

> ni.i 

06+ 03 

— 0.002 
o , , + 2.0 
,3 - 1 ' 5 -0.95 


1.84 
0.56 
2.48 
3.54 
1.44 
2.22 
109.4 


56.0 
46.9 
20.5 
46.6 
78.3 
11.1 
96 


3.2 
1.5 
0.8 
0.8 
0.7 
5.9 
9.3 


5500 
8.3 
1.2 
4.6 

1800 
6.3 

82.3 


39.9 
37.1 
36.3 
36.8 
39.4 
36.8 
38.1 


sss b 

probable SNR b 

XRB 
probable SNR 
probable SNR 

XRB 
probable SNR b c 



Note. — Column 1: Source ID; Column 2: Fitted model; Column 3: Hi Column Density; Column 4: Best fit value of the power law photon index or the thermal 
component temperature in kcV; Column 5: The normalization factor given in units of 10 _J K. For apcc A is: 10 -14 (47rD 2 1 )- 1 / n e n p dV, where Da is the 
angular distance to the source in centimeters and n e n p are the electron and proton densities respectively in cm -2 , for PL: photons keV -1 cm -2 at 1 keV and 
for bbody: 10 39 erg s — 1 (10 kpc)™ 1 ; Column 6: x 2 /dcgrccs of freedom or Cash statistic; Column 7: Goodncss-of fit for Cash statistics; Column 8: Absorbed 
flux in 0.3 - 10 keV band; Column 9: Unabsorbed flux in 0.3 - 10 keV band; Column 10: Source classification 

a Fixed to Galactic linc-of-sight value 

* 10tt et alj j2003fl have classified our LZB6, LZB18 as X-ray SNRs and LZB2 as a SSS 
c Radio candidate SNR by IRosa-GonzalezI J2005fl 



Table 18 

Spectral fitting results of the point-sources in NGC 4395 



Source 


Model 


N H 

(xl0 22 cm- 2 ) 


T/kT 
(Indcx/kcV) 


Norm X 2 /dof Goodncss(%) 
(10~ 5 A) or Cstat (for Cstat) 


Fa6s ^unabs 

(xl0~ 14 erg s^cm- 1 ) 


logL— <" 
(orgs 1 ) 


Classification 




chi-square statistics 


LZB.14 


apec + apec 


0.545 


1.37 
0.17 


94 8.65/4 
10.1 


3.1 75.4 


38.8 
37.8 


SNR 


LZB.15 


PL 


°- 03 io 03 




1.27±o 26 16.25/13 


12 12 


38.0 


XRB 


cash statistics 



LZB.l 


PL 


0.0185 a 


64+ 1 46 


0.30+°;- 


3.62 


60.0 


7.9 


8.0 


37.8 


XRB 


LZB.2 


PL 


o rn+ ' 19 


3.36+.^ 


o-33«; 4 3 6 3 


2.74 


21.1 


1.5 


2.0 


37.2 


XRB 


LZB.5 


PL 


0.0185 a 


, 14 + 0.59 


24 +0 - 08 

u - z -0.06 


2.78 


7.3 


1.2 


1.3 


37.0 


XRB 


LZB.6 


PL 


0.0185" 


, 97 +1.26 
1 " ! '-1.26 


05 +0 - 04 
u - uo -0.05 


9.75 


84.4 


0.6 


0.6 


36.7 


XRB 


LZB.7 


PL 


0.0185" 


2.06^; 3 ° 6 


n n r; + 0.06 
u - uo _0.05 


4.13 


74.2 


0.3 


0.3 


36.4 


XRB 


LZB.12 


PL 


0.0185 a 


i-6ilS: 3 3 4 4 


>;i+ - 10 

u - ol -0.09 


27.0 


6.0 


3.7 


3.8 


37.5 


XRB 



Note. — For the description of the Columns see Table 17. 
a Fixcd to Galactic line-of-sight value 



Table 19 

Spectral fitting results of the point-sources in NGC 4449 



Source Model N H T/kT Norm X 2 /dof Goodness(%) F abs F url , abs logLx" of,s Classification 11 

(x 111 22 enr 2 ) (Index/keV) (10~ 5 A) or Cstat (for Cstat) ( X 1CT 14 erg s~ 1 cm" 1 ) (erg s" 1 ) 



chi-squarc statistics 



LZB.2 


PL 


03+ 011 

u - UJ -0.03 


kT=1.25l° J° 


61 +0 - 55 
> 0.13 


7.43/6 


2.5 


3.0 


37.8 


XRB 


LZB.8 


PL 


n 20+ 015 

u - zu -0.09 


z - 4S -0.53 


1 Q4+1-58 
1 - a *-0.S2 


1.45/6 


5.0 


9.4 


38.3 


XRB 


LZB.12 


PL + 2apec 


n o n +0.44 
u " 3u -0.09 


r - i 67+ 21 

m = 0.2S+°-°? 


1 62+ 1 " 47 
> 2.80 


26.7/27 


18 


41 


38.9 


snr c 










s nn+ 7 - 00 












LZB.13 


bbody 


o.09tS;Si ' 


15+ - 22 


18.7/16 


6.3 


7.5 


38.2 


sss 


LZB.16 


PL 


07+ 04 

u - u ' -0.03 


2-1313:5* 


°- ' D -0.79 


53.9/36 


24 


30 


38.8 


XRB 



cash statistics 



LZB.4 


PL + apec 




r — i si + - 67 
kT=1.08lS;^ 


0.66_ 30 
34+ - 31 

U-M — 0.21 


78.5 


2.0 


4.2 


4.9 


38.0 


XRB 


LZB.5 


PL 


0.0161 b 


, O + 0.27 
z -°-0.27 


u -^*-0.07 


75.2 


30.0 


2.1 


2.2 


37.7 


XRB 


LZB.9 


apec 


0.0161 b 


99+ 110 

u - yy -0 .26 


32+0- 37 

u - oz -0.07 


19.9 


93.6 


0.7 


0.7 


37.2 


SNR 


LZB.ll 


PL 


n ,,-,+0.65 
u " 3i -0.31 


1 e+1-80 
^•O— 1.40 


n is+0-07 

°- 1S -0.18 


0.7 


30.5 


1.2 


1.5 


37.5 


XRB 


LZB.14 


bbody 


0.0161 b 


06+ 02 

u - UD -0.02 


04+0" 12 

u - u ^-0.02 


6.7 


68.3 


0.9 


1.1 


37.4 


SSS 


LZB.15 


PL 


16+ 010 


1 g + 0.37 

0.36 


1 06+ 047 


113.6 


6.0 


6.6 


8.0 


38.2 


XRB 


LZB.18 


PL 


0.56_ 56 


3 04+ 3 09 

°- u -1.92 


n 9O + 3-70 
0-^S_o.28 


9.8 


87.0 


0.3 


1.5 


37.5 


unclassified 




apec 


1 ir + 0.72 
^• 10 _1.15 


> 0.36 


0.73±«;?| 


9.8 


87.4 


0.2 


1.7 


37.6 




LZB.20 


PL 


0.0161 b 


, o 7 +1.21 
10 1 -1.06 


o m+o- 03 

uu,:> -0.03 


10.2 


91.3 


0.3 


0.3 


36.7 


XRB 


LZB.2 1 


PL 


0.02l ;^ 


Q.99±«;| 4 


0-08t ; i 


2.4 


41.8 


1.2 


1.2 


37.4 


unclassified 




apec 


i-24l ;S 4 6 


u - zo -0.09 


> 13.0 


5.4 


71.8 


0.2 


24 


38.7 




LZB.22 


apec 


0.53±° ;« 


u - 1J --0.06 


> 23.9 


3.8 


73.6 


0.1 


15 


38.5 


foreground star 


LZB.24 


apec 


0.0161 b 


23 +0 11 
u - zo -0.08 


07+0 .13 

u - u ' -0.07 


4.3 


35.0 


0.1 


0.1 


36.4 


probable SNR d 


LZB.25 


bbody 


44+ 3 25 


04+ 03 

u - u ^-0.02 


> 84.8 


5.8 


95.6 


0.5 


220 


39.7 


SSS 


LZB.26 


apec 


0.0161 b 


1 02+ 084 

1 - uz -0.30 


09+ 11 

u - ua -0.04 


13.3 


91.5 


0.2 


0.4 


36.9 


probable SNR 



Note. — For the description of the Columns sec Table 17. 
a Already X— ray detected sources by Summers ct al. (2003) 
b Fixed to Galactic line-of-sight value 
c Oxygen rich SNR detected in all bands 
Radio observations by Chomiuk & Wilcots (2009) denote this source as an Hll region. 



Table 20 

Spectral fitting results of the point-sources in NGC 4214 



Source Model N H T/kT Norm X 2 /dof Goodness(%) F abs F„„ a4j logLx" a6s Classification 

(x 10 22 cm- 2 ) (Index/kcV) (1CT 5 A) or Cstat (for Cstat) ( X 10~ 15 erg s~ 1 cm" 1 ) (ergs" 1 ) 



chi-square statistics 



LZB.24 


(2030) 


PL+apec 


0.28tS;» 


r - i 69+ 41 


1 so +0 - 76 


31.07/23 




72 


130 


38.5 


XRB c 








kT=0.18+°;<>! 


2 50+ 58 6 

^.ou_ 2 34 
















(4793) 








0.575 






42 


75 


38.3 






(5197) 








0.488 






35 


64 


38.2 




LZB.25 


(2030) 
(4793) 
(5197) 


PL 


0.12+Tc 2 


l.68tS;» 


4 90+ - 68 
0.192 
0.904 


105.5/66 




290 
55 
260 


340 
66 
310 


38.9 
38.2 
38.9 


XRB 


LZB.26 


(2030) 
(4793) 
(5197) 


PL 


0.27+1° 7 9 


n -I c+0-50 
z - lo -0.40 


n SzL +0.53 

U.S4_ 30 
1.950 
1.660 


12.4/11 




43.8 
84.5 
71.1 


25.9 
50.0 
42.1 


37.8 
38.1 
38.0 


XRB " 


cash statistics 


LZB.5 


(2030) 
(5197) 


PL 


0.0199 d 


o-99ti:SS 


lfi+°- 18 

u - lu -0.16 

0.15 


19.8 


96.5 


24 
3.7 


25 
3.7 


37.8 
37.0 


XRB 


LZB.7 


(2030) 
(4793) 
(5197) 


apec 


0.0199 d 


0.28+S;gl 


„ ,„+0.08 
°- 18 -0.05 

0.85 
0.95 


15.8 


81.8 


2.9 
2.5 
2.8 


3.3 
2.8 
3.2 


36.9 
36.9 
36.9 


SNR 


LZB.20 


(2030) 


PL 


47+ 1 00 

1 -0.47 




> 0.49 


4.16 


66.3 


6.5 


24.6 


37.8 


XRB 


LZB.27 


(2030) 


PL 


0.0199 d 


2 64+ ' 94 

-0.90 


04+ 03 


23.4 


85.8 


1.8 


2.0 


36.7 


XRB 




(4793) 






0.87 






1.6 


1.8 


36.7 






(5197) 








0.83 






1.5 


1.7 


36.6 




LZB.28 


(2030) 


apec 


o.68±S:S; 


n 25+ - 29 


> 1.30 


36.0 


99.5 


0.8 


24 


37.8 


probable SNR a ' b 




(4793) 




1.70 






1.4 


40 


38.0 






(5197) 








1.44 






1.2 


34 


37.9 




LZB.29 


(2030) 
(4793) 
(5197) 


PL 


0.18+° ;f 8 


1 rr + l-OO 
1 ' oo -0.82 


16+° 16 

U - 1D _0.24 

1.37 
1.08 


9.29 


26.0 


10 
14 
11 


12 
17 
13 


37.5 
37.6 
37.5 


XRB 


LZB.30 


(2030) 
(4793) 
(5197) 


apec 


0.0199 d 


0.29+2;°! 


U - 1Z -0.05 

0.99 
1.32 


12.2 


15.0 


1.9 
1.9 
2.5 


2.2 
2.2 
2.9 


36.8 
36.8 
36.9 


SNR b 


LZB.31 


(2030) 
(4793) 
(5197) 


apec 


0.0199 d 


o.36+S; 3 7 


10+ 006 

Uiiu -0.04 

0.73 
0.75 


37.9 


92.2 


1.8 
1.3 
1.4 


2.1 
1.5 
1.5 


36.7 
36.6 
36.6 


probable SNR 


LZB.33 


(2030) 
(4793) 
(5197) 


PL 


u o ' -0.33 


, „,+0.78 
1 -^ 1 -0.78 


12+° 16 
2.26 
2.32 


12.3 


28.5 


12 
26 
27 


14 
31 
32 


37.6 
37.9 
37.9 


XRB 


LZB.34 


(2030) 
(4793) 
(5197) 


apec 


66+ 010 

u - uu — 0.19 




> 37.1 
0.63 
1.44 


14.4 


72.0 


3.2 
2.0 
4.6 


410 
260 
590 


39.0 

38.8 
39.2 


probable SNR b 


LZB.35 


(2030) 


apec 


0.0199 d 


o-75i° ; 1 1 6 8 


n 1^+0.05 


10.58 


57 


3.9 


4.3 


37.0 


probable SNR 



Table 20 — Continued 



Source 


Model 


N H 


T/kT 


Norm 


X 2 /dof 


Goodncss(%) 


F abs 


F unabs 


logL^s 


Classification 






(x 10 22 cm -2 ) 


(Index/keV) 


(lO" 5 A) 


or Cstat 


(for Cstat) 


(xl0~ 


" 15 erg s" 1 ™ -1 ) 


(erg s" 1 ) 




(4793) 








0.44 






1.7 


1.8 


36.7 




(5197) 








0.33 






1.3 


1.4 


36.6 




LZEL37 (2030) 


PL 


20+ 14 


1 68+ ' 46 

i - uo -0.42 


44+ - 25 

-0.16 


32.7 


53.7 


24 


31 


37.9 


XRB 


(4793) 








1.01 






24 


31 


37.9 




(5197) 






20+ 12 


1.01 






24 


31 


37.9 




LZB.38 (2030) 


apec 


0.0199 d 


05+ 10 
UUO -0.05 


15.6 


96 


0.7 


0.9 


36.4 


probable SNR c 


(4743) 








1.68 






1.2 


1.5 


36.6 




LZB.41 (2030) 


PL 


0.0199 d 


54+ " 82 


02+ 02 


32.8 


100 


5.4 


5.4 


37.2 


XRB 


(5197) 








1.00 






5.4 


5.4 


37.2 




LZB.43 (2030) 


PL 


0.0199 d 


1 43+° 77 




28.3 


97.7 


2.6 


2.6 


36.8 


XRB 


(4793) 








1.31 






3.4 


3.5 


37.0 




(5197) 








1.23 






3.2 


3.3 


36.9 





NOTE. — Description of columns: Column 1: Source ID. The numbers in parenthesis show the observation ID used, Column 2: Fitted model, Column 3: Hi column 
Density, Column 4: Best fit value of the power law photon index or the thermal component temperature in kcV, Column 5: Model normalization for the first 
observation used. In the case of multiple observations the number presented in column 5 is the conversion factor which is multiplied to the model normalization. 
The latter is given in units of 10 -5 K, where K is for apec: 10 — 14 (4-tt.D 2 ^ ) ~ 1 f n e n p dV; Da is the angular distance to the source in centimeters and n e n p are the 
electron and proton densities respectively in cm -2 , for PL: photons kcV - 1 cm -2 at 1 keV and for bbody: 10 39 erg s _1 (10 kpc) — , Column 6: x 2 /dcgrees of 
freedom or Cash statistic, Column 7: Goodncss-of fit for Cash statistics, Column 8: Absorbed flux in 0.3 - 10 kcV band, Column 9: Unabsorbcd flux in 0.3 - 10 
W keV band, Column 10: Source classification 

a Radio candidate SNR bv lVukotic et al.| 1)20051) 

b Radio candidate SNR bv lChomiuk Wilcotsl J2009h 

c Radio classified Hn regions bv lChom iuk & Wilcots 1 120091 ) 

d Fixed to Galactic line-of-sight value 

"Radio SNR/Hn detected bv lChomiuk fc Wilcot3 020091) 



Table 21 

Spectral fitting results of the SNR candidates in NGC 2403 



Source Model N H T/kT Norm X 2 / dof Goodncss(%) F abs F unabs logL£" a6s Classification 

(X W 22 cm.- 2 ) (Indcx/kcV) (10~ 5 A) or Cstat (for Cstat) ( X 10" 15 crg s" 1 cm" 1 ) (ergs" 1 ) 



chi-square statistics 



LZB.21 


(4630) 


PL 


14+ 007 


2 06+ - 20 


1 02 +0 - 40 


8.3/14 


40 


55 


37.8 


XRB 


LZB.54 


(4628) 


PL 


25+ 22 


10 ' -0.40 


23+ - 15 
u - zo -0.08 


16.2/11 


18 


22 


37.4 


XRB 




(4629) 


PL 






1.16 




21 


25 


37.5 






(4630) 


PL 






1.50 




28 


33 


37.6 




LZB.58 


(4630) 


PL 


12+ 031 


, on + 0.54 
1 ' oz -0.40 


n 0.0+0.35 
0-38_ 14 


4.77/5 


35 


39 


37.7 


XRB 


LZB.64 


(2014) 
(4630) 


PL + apec 


0.0436 d 


r = i.95t° - 23 e 

kT=0.82+°Jj 


0.56+°"°» 

26+;;™ 

— 0.09 

2.06 


40.99/33 


34 
71 


39 
80 


37.7 
38.0 


XRB 


LZB69 


(4628) 
(4629) 
(4630) 


PL 


08+ 03 
u.uo_ n4 


1 89+ 011 

- 1 -- -0.16 


1 00+° 21 

r.uu_ 17 
1.26 

1.93 


44.9/56 


49 
63 
46 


60 
76 
56 


37.9 
38.0 
37.8 


XRB 


LZB.71 


(4629) 
(4630) 


apec+apec 


4.24 


kTi = 1.72 
kT 2 =0.10 


5.60 
1.04 
0.79 


29.1/13 


79 
63 


92 
73 


38.0 
37.9 


probable SNR a 


LZB.93 


(4628) 


PL 


0.0436 d 


2.48+ ;f 2 


> 0.37 


12.4/14 


20 


25 


37.5 


XRB a 




(4630) 






0.79 




11 


14 


37.2 




LZB.98 


(2014) 
(4628) 
(4629) 
(4630) 


PL 


0-26+S-.JS 


i.63+S;E 


0.59t°;iS 
0.90 
1.20 
1.00 


55.52/35 


34 
30 
41 

34 


44 
39 
53 
44 


37.7 
37.7 
37.8 
37.7 


XRB 


LZB.99 


(2014) 


PL + apec 


o.66+S;?5 


r - 1 94+ 018 

1 — 1,y -0.16 


„ fi7 +o.68 

ZD '-0.65 


72.24/83 


94 


180 


38.3 


XRB a 








kT=1.02j:°^ 


1 12+ 1 ' 29 

— 64 














(4628) 








0.47 




44 


85 


38.0 






(4629) 








0.88 




82 


160 


38.3 






(4630) 








1.04 




97 


190 


38.4 




LZB.100 


(4628) 
(4629) 


PL 


n iQ + 0.07 
U - i8 -0.06 


0.88+2:11 


1 r+0.3 

i -°-0.2 

0.20 


47.59/50 


258 
52 


275 
56 


38.5 
37.8 


XRB 


LZB.101 


(4629) 


PL + apec 


0.0436 d 


r = i. 6 4t° 2 l 


0.89_ lg 


30.46/22 


67 


720 


38.9 


XRB 








is+ 02 


kT=0.34+° q 7 


o.4ii : 2 26 












LZB.103 


(2014) 
(4628) 
(4629) 
(4630) 


PL 


1 45+ 006 


0.77 

0.86 
0.82 


354.5/317 


460 
360 
390 
380 


530 
410 
450 
430 


38.8 
38.7 
38.7 
38.7 


XRB 


LZB.104 


(2014) 
(4628) 
(4629) 
(4630) 


PL 


2fi+ 02 


1 91+ 005 


14 6 +0 - 86 
0.77 
0.86 
0.86 


600/534 


590 
460 
510 
510 


870 
670 
740 
740 


39.0 
38.9 
39.0 
39.0 


XRB a 


LZB.105 


(4629) 
(4630) 


PL 


17+ 004 

U '- L ' -0.05 


9 9 o + 0.14 
^ S -0.19 


-1 c + 0.38 
i -°-0.30 

1.52 


48.6/42 


47 
71 


76 
110 


38.0 
38.1 


XRB 


LZB.107 


(2014) 


2 X apec 


09+ 010 


kT!=0.80; o : 9 


z - u ^-0.92 


50.54/40 


19 


33 


37.6 


SNR b 








kT 2 =0.27t^ 


2 99+ 5 04 













Table 21 — Continued 



Source 


Model 


N H 


T/kT 


Norm 


X 2 /dof 


Goodness(%) 


Fats 


F„„ aos 


logL^" abs 


Classification 








(x 10 22 cm~ 2 ) 


(Index/keV) 


(10~ 5 A) 


or Cstat 


(for Cstat) 


(xlO" 


1 ^erg s 1 cm 1 ) 


(erg s~ 1 ) 






(4628) 








0.91 






18 


30 


37.6 






(4629) 








1.15 






23 


38 


37.7 






(4630) 








0.98 






19 


32 


37.6 




LZB.109 


(2014) 
(4628) 
(4630) 


PL 


o.39+g;Si 


2 ™+ - 04 

z " 3u -0.04 


44.5i?'i 3 
1.22 
0.94 


695.1/568 




1100 
1300 
1000 


2200 
2700 
2100 


39.4 
39.5 
39.4 


XRB 


LZB.112 


(2014) 
(4629) 
(4630) 


PL 


"•°5±°o:°o 6 5 


1 61+ 021 

- L - ul _0.30 


0.82±°;» 
0.47 
0.30 


17.22/20 




56 
27 
17 


62 
29 
19 


37.9 
37.6 
37.4 


XRB 


LZB.115 


(2014) 


PL 


0.0436 d 


, 9s + 0.28 
l-28_ 2S 


45+ ' 07 


15.5/8 




46 


48 


37.8 


XRB 


LZB.120 


(4628) 


apec 


0.0436 d 


z - ,0 -0.70 


i n3+ 018 


18.8/12 




15 


16 


37.3 


probable SNR 




(4629) 






0.83 






12 


14 


37.2 




cash statistics 


LZB_2 


(4628) 


apec 


0.0436 d 


2.9815™ 


u. ro_ 05 


36.8 


89 


1.9 


2.0 


36.4 


probable SNR a 




(4629) 






1.6 






3.0 


3.3 


36.6 






(4630) 






n oe+0.05 
U.^O_ 03 


1.7 






3.2 


3.4 


36.6 




LZB.5 


(2014) 
(4628) 
(4629) 
(4630) 


apec 


0.0436 d 


09+ 05 
0.97 
0.94 
1.21 


30.1 


97.6 


1.2 
1.2 
1.2 
1.5 


1.8 
1.7 
1.6 
2.1 


36.3 
36.3 
36.3 
36.4 


probable SNR 


LZB.14 


(2014) 
(4628) 
(4629) 


apec 


0.0436 d 




12+ 006 
0.31 
0.80 


29.5 


94 


1.7 
0.5 
1.4 


2.3 
0.7 
1.8 


36.4 
35.9 
36.3 


probable SNR" 




(4630) 




0.48+°,; 30 


„ 18 +o.os 

U ' 1S -0.04 


0.37 






0.6 


0.8 


36.0 




LZB.30 


(2014) 
(4628) 
(4629) 
(4630) 


apec 


2.i2i 9 2 ;?« 

1.07 
1.25 
0.69 


30.7 


91.6 


1.2 
1.2 
1.4 
0.8 


33 
35 
41 
23 


37.6 
37.6 
37.7 
37.4 


probable SNR a ' c 


LZB.39 


(2014) 
(4628) 
(4630) 


PL 




, „, + 0.62 
1 - OiJ -0.5S 


20+ ' 17 
0.35 
0.75 


31.05 


10 


9.9 
3.5 
7.5 


12.8 
4.5 
9.7 


37.2 
36.7 
37.1 


XRB 


LZB.41 


(2014) 
(4628) 
(4629) 
(4630) 


apec 


0.0436 d 


0.25i» 3 2 


08+ 05 
0.84 
1.79 
1.68 


44.9 


95.3 


1.1 
0.9 
1.9 
1.8 


1.5 
1.3 
2.7 
2.6 


36.3 
36.2 
36.5 
36.5 


probable SNR 


LZB.42 


(2014) 


apec 


0.0436 d 


0.771°;- 


07+ 03 


32.3 


67.8 


1.5 


1.8 


36.3 


SNR a 




(4628) 






1.00 






1.6 


1.8 


36.3 






(4629) 








0.86 






1.3 


1.6 


36.3 






(4630) 








0.65 






1.0 


1.2 


36.2 




LZB.63 


(4629) 


bbody 


0.0436 d 


u.uo_ Q1 


10 2+ 17 - 7 


18.7 


39 


1.4 


2.6 


37.5 


SSS 


LZB.65 


(4628) 


PL 


0.0436 d 


, 7 , + 0.25 
1 - 1 J -0.25 


16+ 005 

u.ru_ Q 04 


25.6 


25 


9.8 


10.7 


37.1 


XRB 




(4629) 






1.46 






14.2 


15.6 


37.3 





Table 21 — Continued 



Source 


Model 


N H 


T/kT 


Norm 


X 2 /dof 


Goodncss(%) 


F ai> „ 


F„ nails 


, ogL „„ab S 


Classification 






(x 10 22 cm" 2 ) 


(Index/keV) 


(10" s A) 


or Cstat 


(for Cstat) 


(xl0~ 15 er; 


$ s -1 cm _1 ) 


(erg s 1 ) 




(4630) 








1.11 






10.9 


11.9 


37.2 




LZB.68 (4628) 


apec 


0.0436 d 


1 4^ UUQ 


n 1 4 +u oD 

u - 1 ^-0.14 


15 


89 


1.0 


1.6 


36.3 


probable SNR 


(4629) 








0.92 






0.9 


1.6 


36.3 




(4630) 








0.56 






0.6 


0.9 


36.1 




LZB.72 (4628) 


PL 




06+ 0D2 

U.UD_ 01 


1 2"*" - 84 
u - ± ' 2 -0.12 


19.0 


58.0 


9.5 


28.7 


37.5 


sss 


LZB.75 (2014) 


PL 


0.0436 d 


O HH+ 110 
^■»«_0.92 


n n^ + 02 


26.0 


91.3 


1.1 


1.4 


36.2 


XRB 


(4628) 






1.19 






1.3 


1.7 


36.3 




(4629) 








0.87 






0.2 


1.3 


36.2 




(4630) 








1.27 






1.3 


1.8 


36.3 




LZB.76 (2014) 


apec 


o.48i8;3 


12+ 005 
Ul1 -0.03 


> 8.4 


7.26 


68.0 


0.8 


62 


37.9 


probable SNR 


(4628) 








0.63 






0.5 


30 


37.7 




(4629) 








1.35 






1.2 


83 


38.0 




(4630) 








1.11 






0.0 


68 


37.9 




LZB.78 (2014) 


apec 


0.0436 d 


u ' '"-0.11 


(1 -]2+0- 04 

u - lz -0.03 


53.8 


84.6 


2.7 


3.2 


36.6 


probable SNR 


(4628) 








0.75 






2.0 


2.4 


36.5 




(4629) 








0.89 






2.4 


2.8 


36.5 




(4630) 




0.57l° ;« 


24 +0 BB 
-0.15 


0.88 






2.4 


2.8 


36.5 




LZB.80 (2014) 


apec 


> 0.55 


6.27 


55.8 


0.5 


10 


37.1 


probable SNR" 


(4628) 








1.01 






0.5 


10 


37.1 




(4629) 








3.40 






1 . 6 


34 


37.6 




(4630) 








1.11 






0.5 


11 


37.1 




LZB.81 (2014) 


apec 


52+ 014 


12+ 004 


> 6.21 


15.1 


47 


1.0 


64 


37.9 


SNR 


(4628) 








1.02 






1.0 


66 


37.9 




(4629) 








0.98 






0.0 


63 


37.9 




(4630) 






°- 18 io'.09 


1.02 






1.0 


60 


37.9 




LZB.86 (2014) 


apec 


> 1.9 


6.06 


62.3 


0.5 


20 


37.6 


probable SNR a 


(4628) 








1.84 






0.0 


53 


37.8 




(4629) 








2.44 






1.2 


71 


37.9 




(4630) 








1.64 






0.8 


47 


37.8 





Note. — For the description of the Columns see Table 20 
a Optically detected SNRs bv lMatonick et al.l 11199711 
b Radio detected SNR bv lTurner fc Ho I U994D 
c Radio detected SNR by lEck et aTl (1200211 



Table 22 

Spectral fitting results of the point-sources in NGC 5204 



Source 


Model 


N H 


T/kT 


Norm 


X 2 /dof 


Goodncss% 


F a b s 


Funabs 


logL™" 6s 


Classification 






(x 10 22 cm- 2 ) 


(Indcx/kcV) 


(10~ 5 A) 


or Cstat 


(for Cstat) 


(xlO" 


15 erg s _1 cm _1 ) 


(orgs 1 ) 






chi-square statistics 


LZB.10 (2028) 


PL 


16+ 001 


„ o + 0.05 
2 -»-0.04 


yg 7 +3.02 


1635.6/1069 




1839 


3937 


40.0 


ULX, XRB 


(2029) 








0.38 






696.8 


1492 


39.6 




(3933) 








0.58 






1064 


2278 


39.8 




(3934) 








0.28 






521.1 


1116 


39.5 




(3935) 








0.35 






651.1 


1394 


39.6 




(3936) 








1.29 






2382 


5101 


40.2 




(3937) 








1.24 






2286 


4894 


40.1 




(3938) 








0.28 






507 


1085 


39.5 




(3939) 








0.26 






487.4 


1044 


39.5 




(3940) 








0.79 






1452 


3109 


39.9 




(3941) 








1.24 






2286 


4894 


40.1 




(3942) 








0.70 






1292 


2766 


39.9 




(3943) 








1.11 






2049 


4388 


40.1 




LZB.ll (3941) 


PL+apec 


01 + 104 
u - u -0.01 


r — i 2o +117 

i — ±.zu_ 47 


1 46+ 112 


5.79/9 




179.2 


181.9 


38.7 


xrb 








kT> 0.8 


qn+ 6 s6 
u - au -0.30 














(3942) 








1.12 






201.6 


204.6 


38.8 




(3943) 








1.07 






191.4 


194.3 


38.7 




chi-square statistics 


LZB.8 (3933) 


PL 


1S+ ' 14 


r _ o q +0.85 
1 — 31 _0.73 


41+ 27 


41.3 


5.0 


9.7 


21.8 


37.8 


XRB 



NOTE. — For the description of the Columns see Table 20 



Table 23 
Composite SNR/XRB sources 



Galaxy 


Source ID 


apec luminosity 
(xlO 37 erg s _1 ) 


PL luminosity 
(XlO 37 erg s _1 ) 


Total luminosity 
(XlO 37 erg s _1 ) 


NGC 2403 


93 




2.4 (100%) 


2.4 


NGC 2403 


99 


2.6 (14%) 


16.1 (86%) 


18.7 


NGC 2403 


104 




92.1 (100%) 


92.1 


NGC 4214 


26 




10.4 (100%) 


10.4 



*The numbers in parenthesis indicate the contribution of the luminosity of each 
component to the total absorption— corrected luminosity. The three X-ray SNRs in 
NGC 2403 arc optically known SNRs while the one in NGC 4214 is associated with a 
radio SNR/Hll source. 



Table 24 

Number of the SNRs in the MCs and M33 



Galaxy 


(XlO 42 erg s~ 


Observed SNRs Rcscalcd Number of SNRs Rescalcd Number of SNRs 
1 ) (a = -0.5) (ct=-l) 




Luminosity distribution of Ghavamian et al. (2005) 


LMC 
SMC 


1.96 
0.29 


31.6 4.5 
8.9 1.3 


Luminosity distribution of Habcrl Sz Pictsch (2001) 


M33 


2.86 


9.1 2.6 0.8 



N ote. — The LMC, SMC and M33 FIR luminosities correspond to the 42-122 fim band and arc adopted 
from Rice ct al. ( 1988). The numbers of the observed SNRs arc down to the detection limit of each respective 
study: for LMC-SMC is 10 35 erg s" 1 and for M33 is 8.5X10 35 erg s _1 . The observed numbers of the MC 
SNRs are rcscalcd to the numbers of SNRs down to our li miting luminosity of 5xl0 36 erg s _1 while the 
observed M33 SNRs are rescalcd to the limiting luminosity of Pannuti ct al. 2007] (10 37 erg s _1 ). 



Table 25 

Expected number of SNRs (assuming an MC XLF) 



Galaxy 


(xlO 42 erg s _1 ) 


/ SNR \ 

(xl0~ 42 SNR / (erg s ~ x )) 


Expected Number of SNRs 


Observed SNRs 


NGC 3077 


0.94 


3.38 


3.2 


5 


NGC 4449 


4.10 


3.38 


13.8 


3 


NGC 4395 


0.24 


3.38 


0.8 


1 


NGC 4214 


2.52 


3.38 


8.5 


5 


NGC 5204 


0.39 


3.38 


1.3 





NGC 2403 


4.33 


3.38 


14.6 


8 



Note. — Column 1: Galaxy ID, Column 2: The 42-122 fim FIR luminositie s of the galaxies based on integrated 
flux measurements with IRAS in the 60 and 100 fim bands dHo et al.||1997| ), using the calibration of |Rice et al.| 
dl988h and the distances in Table 1. Column 3: The average number of MC SNRs (down to 5xl0 36 erg s" 1 ) 
per unit FIR luminosity; sec §5.3.2 for details, Column 4: The expected number of SNRs for the galaxies in our 
sample, derived by rcscaling the number of the MC SNRs, Column 5: The observed SNRs for each galaxy down 
to our detection limit of 5xl0 36 erg s — . 
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Table 26 

Expected number of SNRs in spiral galaxies (assuming an M33-like XLF) 



Galaxy 


(xlO 42 org s" 1 ) 


l SNR \ 

(xl0~ 42 SNR / (erg s" 1 )) 
(a = - 0.5) 


Expected Number of SNRs 
(a = - 0.5) 


1 SNR \ 

(xl0~ 42 SNR / (erg s" 1 )) 

O = - 1) 


Expected Number of SNRs 
(a = -l) 


Observed SNRs 


NGC 2403 


4.33 


0.93 


4.0 


0.27 


1.2 


3 


M 101 


37.2 


0.93 


34.6 


0.27 


10.0 


7 


NGC 6946 


36.0 


0.93 


33.5 


0.27 


9.7 


6 


NGC 4736 


8.20 


0.93 


7.6 


0.27 


2.2 


5 



Not e. — Column 1: Galaxy ID, Column 2: The 42-122 /j.m F IR luminosities of the galaxies are ba s ed on integrated flux measurements with IRAS in the 60 and 100 fun 
bands I Ho et al.|[7997l) using the calibration of Rice ct al. ( 1988) and the distances from Pannuti ct al. (2007), Column 3: Number of M33 SNRs per unit FIR luminosity, down 
to a limiting luminosity of 10 37 erg s _1 (Pannuti ct al. 2007) and assuming a cumulative slope of - 0.5, Column 4: The expected number of SNRs for a — -0.5, estimated by 
rcscaling the M33 XLF by the FIR luminosity of each galaxy (see §5.4 for details), Column 5: Number of M33 SNRs per unit FIR luminosity, down to a limiting luminosity 
of 10 37 erg s — 1 ([Pannuti et al. 2007J) and assuming a cumulative slope of - 1. Column 6: Same as Column 4 but for a cumulative slope of a — -1, Column 7: Observed SNRs 
from the sample of galaxies of Pannuti ct al. (2007) (down to 10 37 erg s _1 ). 
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Fig. 1. — Soft/Medium color distribution for different choices of the soft and medium bands. The abscisa 
shows the different selections for the two bands, while different points show the S/M color which correspond 
to different choices of temperature (0.25 - 2.0 keV from the bottom towards the top of each data set). The 
maximum discrimination of the S/M color distribution is seen for the last two energy band choices (S3 - 
M3 and S4 - M4). These energy band selections can allow us distinguish emission lines coming from low 
temperature thermal emitting gas or harder emission from hotter thermal continuum. The circles denote 
the S/M color distribution of the two bands that were used by this study (S: 0.3 - 1.0 keV and M: 1.0 - 2.5 
keV). 
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Coll = log(S/M) 



Fig. 2. — Color-color diagram of the detected X-ray sources in NGC 3077. We overplot grids for thermal 
(red) and power-law (green) models for different values of temperature (kT), absorbing Hi column density 
(Nh) and photon index T, calculated for the effective area at the reference point (see §3.3). Sources that 
appear to have temperatures below 2 keV and mainly lie on the thermal grid (red locus of SNRs) are potential 
SNRs.[See the elctronic edition for a color version of this figure.] 
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Fig. 3.— Same as Fig. 2 for NGC 4395. 
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Fig. 4.— Same as Fig. 2 for NGC 4449 
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X-rays 



Fig. 8. — Venn diagram for all SNRs detected in ourr^ample of galaxies 



NGC 2403 




X-rays 



Fig. 9. — Venn diagr am for NGC 2403. The numbergjn parenthesis refer to the optically /radio SNRs from 
Pannuti et ail (|2007t) . 



CO 

cv? 



CV2 



c\2 

E 

o 



o 



O 
C\2 



▲ A 



+1 1 



Probable SNRs 
SNRs 

SMC SNRs 
LMC SNRs 



J L 



36 38 40 

I op Lx (0.3-10.0keV) (ers s" 1 



42 



Fig. 10. — The Hi column density (corrected for the Galactic column) plotted against the absorption- 
corrected luminosity. Squares and triangles denote the X-ray SNRs for SMC and LMC respectively while 
circles represent the X-ray SNRs of this study. 
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Fig. 11. — Temperature of the X-ray selected SNRs in this study against their absorption-corrected X-ray 
luminosity. Circles are for the SNRs of this study, squares for the SMC SNRs and triangles for the LMC 
SNRs. The dashed line shows the expected relation between temperature and luminosity for a thermal source 
at a distance of 5 Mpc, based on an apec model with a fixed emission measure (EM). 
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Fig. 12. — The average absorption-corrected X-ray luminosity in the 0.3 - 10 keV band for the SNRs in 
our sample. We only include objects above the completeness limit of this study (5xl0 36 erg s _1 ). Squares 
and triangles represent spiral and irregular galaxies respectively while circles correspond to the Maggelanic 
Clouds. 
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Fig. 13. — Number of SNRs above the completeness limit of this study against the integrated Far Infrared 
(42-122/xm) luminosity (see text for details). 
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Fig. 14. — Number of SNRs above the completeness limit of this study against the radio luminosity. 
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